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Bone marrow transplantation for leukaemia 


Over 10 years have passed since the classic paper 
from Seattle showed that a small proportion of 
patients with end stage leukaemia could be cured by 
total body irradiation, cyclophosphamide, and infu- 
sion of bone marrow from an HLA identical sibling 
donor.! Since that time bone marrow transplanta- 
tion has become safer and more widely available, 
and thanks to relentless media interest forms the 
subject of endless enquiries from parents and 
relatives. Yet the decision to perform bone marrow 
transplantation, particularly in first remission of 
acute leukaemia, is a difficult one and involves 
careful assessment of the possible risks and benefits 
This annotation will focus on the present indications 
for bone marrow transplantation 1n leukaemia and 
the expected results, but some appreciation of the 
possible complications is essential. The indications 
will, of course, change in the future as more 
effective chemotherapy regimens develop or bone 
marrow transplantation, or both, become safer 


Risks and complications of bone marrow trans- 
plantation 


The most widely used preparative regimens for bone 
marrow transplantation involve high doses of cyc- 
lophosphamide and fractionated or unfractionated 
total body irradiation. This treatment causes pro- 
found myelosuppression for at least two to four 
weeks and long term immunosuppression. The 
infective risks associated with bone marrow trans- 
plantation have been extensively reviewed and 
include both bacterial and fungal sepsis.? Cytomega- 
lovirus infection may cause pneumonitis and long 
term 1mmunosuppression exacerbated by graft ver- 
sus host disease may predispose to pneumococcal 
infection. Allogeneic bone marrow transplantation 
with a sibling donor who is HLA identical carnes a 
significant risk of graft versus host disease and 
measures to prevent this complication either by 
treatment of the reciptent, or the donor bone 
marrow, are essential 

Despite these problems bone marrow transplanta- 
tion 1s in general well tolerated by a fit child in 
remission and perhaps the main concern for the 
paediatrician lies in the late effects of treatment. 
Assessment of growth and endocrine function in 
children who have received total body irradiation 


879 


and cyclophosphamide shows gonadal failure, thy- 
roid dysfunction, spinal shortening, and particularly 
in those who have received previous cranial irradia- 
tion, abnormal hypothalamic-pituitary function and 
learning problems.* ? Many of these late effects are 
attributable to total body irradiation. There are 
alternative preparative regimens using chemother- 
apy alone such as the combination of busulphan and 
cyclophosphamide,® 7 but both the efficacy and late 
toxicity of such treatment have been less well 
studied 


Choice of a donor 


A major limitation to the use of bone marrow 
transplantation is that only about one in three 
children in the United Kingdom will have an HLA 
identical sibling donor ‘Transplantation from a 
non-identical family member increases the risk of 
graft versus host disease and failure of engraftment.* 
There are now reports of the successful use of 
matched unrelated donors in chronic leukaemia but 
the search for these is time consuming and 
expensive.? 

Autologous marrow transplantation 1s less hazar- 
dous than allogeneic transplantation, and in theory 
more freely available, but carries a higher nsk of 
relapse which may be due to the reinfusion of 
leukaemic cells or the loss of any graft versus 
leukaemia effect. Despite these considerations it 1s 
unclear at present whether attempts to purge the 
marrow of possible residual leukaemic cells are 
necessary ‘© 


Chronic myeloproliferative disease 


Chronic myeloid leukaemia 1n childhood resembles 
the disease in adults with a median survival of three 
to four years. Two transplant groups have reported 
actuanal survival of 4996!! and 7296/7 after bone 
marrow transplantation from sibling donors, the 
latter report had a median followup time of two 
years Successful bone marrow transplantation has 
also been reported in juvenile chrome myeloid 
leukaemia and the monosomy 7 syndrome.” !^ 
Allogeneic bone marrow transplantation is the 


‘treatment of choice for these rare disorders and, in 


patients where no sibling donor is available and the 
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pace of the disease pe-rrits, a search “or a matched 
unrelated donor seems appzopnate.” 


Acute myelold leukaemic 


Advances in the treatment of acate myeloid 
leukaemia have been rezeatly revievied and childrea 
have been among the maior beneficrries.^? The 
outlook for paediatric acuse myeloid leukaemia has 
urproved from the previcus appal'ing 12% event 
free survival rate both tor children recziving bone 
marrow transplantation and those trated with 
chemotherary alone.'® Witi moderr. intensive che- 
motherapy and full supportive care over 85% of 
children wita acute mvewid leukaemia should 
achieve remission. The best cveral! results from 
chemotherapy protocols have been in unrando- 
mised, cften single centre studies with event free 
survival of 30-4096.!77? Sarvival rites ın small 
series of children with acuce myeloid Eukaemia 
from the time of marrcw transplantation in first 
remission are 1n the orde- of 6596.79 7! 

The failures in the chemotherapy reports are 
largeiy dre to relapse, and thos2 in the senes of 
tone marrow transplantauoa due tc transplant 
related deaths. There 1s a continuing detate, re- 
viewed elsewhere, between the proporents of 
bone marrow transplantaticn t first remission for 
children with acute myeloid evkaemia and £ donor, 
and chemotherapy with bore marrow trar planta- 
tion at the first sign of relapse. All published.studies 
directly comparing bone marow transplantation 
and chemothera»y in first remission iavcur the 
former,~~ however, and at presert it must be the 
preferred option for childrea with acute myeloid 
leukaemia who have a donor 

There is great interest in the use of autoogous 
bone marrow transplantation as a form of intensive 
treatment in first remission. This approach has been 
pioneered in adults with acute myeloid leukazmia, 
using regimens with and -vithout toral body 
irraciation.”° The results of the reported uncoatrol- 
led studies are enccuraging but open to the zriccism 
that the patients zre a selected group who “ave 
survived past the risk of early relapse. The new 
Medical Research Council triel for children and 
adults with acute myeloid leukaemia (AML 10) will 
address this important questien and starts this 
spring. Al! patients will receive intens_ve induc 10n 
and consolidation and those witL aa HLA ident-cal 
sibling donor will be eligible for allogeneic bene 
marrow trensplantatton. All those without a dozor 
will undergo marrow harvest and storage and will 
zhen be randomised to receive caemoradibotherzpy 
aid autologous marrow transplantation or 10 
further treatment. Petients relapsing after chen-- 


the-apy alone will be eligible for autologous marrow 
trarsplantation in second remission. 


Lyr phoblastic leukaemia 


The prognosis of children with acute lymphoblastic 
leukaemia who relapse during treatment remains 
poor 7” Long remissions may be obtained in children 
relapsing after elective cessation of treatment or 
even, according to one recent report, relapsing more 
than -8 months from diagnosis.^ In our experience, 
after long term follow up, however, many such 
patients may still eventually again relapse.?" Actua- 
rial disease free survival in children receiving 
allogemeic transplantation in second remission is 
reported as ranging from 2740957? the major 
cause Of treatment failure is further leukaemic 
relepse À much higher survival rate of an estimated 
64% ai five years has recently been reported in 
childrer prepared for transplant with hyperfrac- 
tionatec total body irradiation preceding 
cyclophosphamide.?? 

While there 1s no doubt that children with acute 
lymphotlastic leukaemia who relapse during treat- 
ment, and probably off treatment as well, should be 
offered a transplant if they have a compatible sibling 
donor, in our experience the impact of such a 
programme has been small because of the small 
number of children with donors and the instability of 
second remission in many children.** A recent 
report shcwed a disease free survival rate of 2096 in 
patients with relapsed acute lymphoblastic 
leukaemia. after autologous transplantation,” and 
tke time seems ripe for a trial comparing autologous 
bone marrow transplantation with chemotherapy in 
children with acute lymphoblastic leukaemia in 
second ma-row remission 

Isolated central nervous system relapse has 
a poor prognosis? ?? and bone marrow transplanta- 
tion shoulc be considered in suitable patients 
and in thcse with an overt testicular relapse 
during trea-ment.? Boys with testicular relapse 
after treatment has been stopped are curable by 
conventional chemotherapy and radiotherapy. 
The most coatroversial area lies in the selection of 
children wita acute lymphoblastic leukaemia for 
bone marrow transplantation in first remission. 
There are a small number of children with an 
unqrestionab y poor prognosis, for example those in 
whom the leukaemia is associated with certain 
cytogenetic atnormalities for whom such treatment 
is justified on. an uncontrolled basıs.” For others, 
such as children with a very high initial leukocyte 
count, bone marrow transplantation should be 
investigated in the context of a clinical trial. In the 
present Medicz! Research Council UKALL X trial 


allogeneic transplantation may be offered to chil- 
dren with a presenting leukocyte count of greater 
than 100x101 who have a compatible sibling. It 1s 
thus hoped to obtain a comparison with the outcome 
of children receiving intensive chemotherapy 


Conclusion 


Chemoradiotherapy and transfusion of allogeneic or 
autologous marrow is the most intensive short term 
treatment available for childhood leukaemia. It 1s 
becoming increasingly available as regional trans- 
plant umts open in the United Kingdom. Paediatn- 
cians have an excellent record of collaboration in 
treatment of childhood leukaemia and it 1s essential 
that this collaboration is extended to include critical 
evaluation of bone marrow transplantation as a form 
of treatment. 
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Mitochondrial DNA and genetic disease 


Mitochondrial DNA (mtDNA) became news a few 
months ago when a publication in Nature announced 
that we may all be descended from a single African 
woman who lived 200 000 years ago.’ The 
'mitochondrial African Eve' hypothesis is based on 
the fact that mitochondria are strictly maternally 
inherited, and the accumulation of mutations can be 
used as a genetic clock.? 

But mtDNA should not just remain the province 
of evolutionary biologists, feminists, and religious 
fundamentalists. To paediatricians it offers an ex- 
planation for maternal inheritance patterns in 
human disease, as an individual's mitochondria are 
inherited exclusively from the mother. For example, 
mitochondrial mutations could cause some types of 
mitochondrial myopathy,’ Leber’s optic neuro- 
pathy,* and could influence the clinical manifesta- 
tions of congenital myotonic dystrophy’ and 
neurofibromatosis.° 


The mitochondrial genome: ‘small is beautiful’ 


Mitochondnia are intracellular organelles which are 
key elements in oxidative phosphorylation Their 
inner membrane binds the four complexes of the 
electron transport chain and adenosine triphosphate 
synthase (complexes I to V respectively). Mitochon- 


dria are the only source of extranuclear DNA in - 


man, and each one contains two to 10 copies of a 
circular piece of DNA, which compactly encodes a 
minority of the RNAs and proteins the mitochon- 
drion needs to function (figure). The billions of 
molecules of mtDNA in an individual are usually 
all identical, and inherited from the mother. This is 
presumably because the sperm contributes almost 
no cytoplasm to the zygote. À disease caused by a 
mutation in mtDNA would therefore be maternally 
inherited 


Characteristics to be expected of diseases caused by 
mitochondrial mutations 


A disease caused by a mitochondrial mutation might 
have exclusively maternal transmission, a high 
proportion of offspring affected or transmitting the 
disease (compared with 5096 in X linked disorders), 
and a biochemical defect in an enzyme with 
mitochondrially encoded subunits (The absence of 
the latter point does not exclude a causative 
mitochondrial mutation. For example, in mice the 
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expression of a maternally transmitted antigen 
(MTA), is dependent on a variant mtDNA although 
the mechanism by which it interacts with this nuclear 
gene encoding the protein antigen is obscure.?) 
Likely human diseases include the mitochondrial 
myopathies, Leber's optic neuropathy, congenital 
myotonic dystrophy, and chloramphenicol induced 
aplastic anaemia. These criteria exclude a large 
number of conditions where nuclear encoded 
mutochondrial enzymes may be affected such as 
Leigh's encephalopathy, where inheritance is prob- 
ably recessive. 

A familiar alternative explanation for maternal 
inheritance is a transplacental biochemical factor, as 
Occurs in transient neonatal myaesthenia gravis. 
Although this could explain the initial improvement 
in congenital myotonic dystrophy it does not explain ' 
the persistent developmental delay nor why non- 
myotonic offspring are unaffected, nor the progres- 
sive degeneration in Leber’s and mitochondrial 
myopathy. While a biological transplacentally 
transmitted factor such as a slow virus could explain 
prolonged effects, there is no supporting epidemio- 
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Figure The human mitochondrial genome COI to COHI. 
subunits 1 to 3 of cytochrome C oxidase, ND1 to ND6, and 
ND4L: subunus 1 to 6 and 4L of NADH-dehydrogenase; 
ATPase 6and8 subunits 6 and 8 of H* -ATPase, Cyt b 
apocytochrome B, O-transfer RNAs 
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logcal nor histological evidence. Alternatively. 
mitcchondna might malfunction Eecause of a 
nuclear mutation, causing male ster | ty due to the 
high energy requirements of the sperm Finaliy, 
there is new evidence tor ‘imprinting’ nuclear DNA 
acco-ding to its parert of origin.® 


Mitochondrial myopethies 


The mitochondrial nryopathies are a neterogenous 
group of rare disorders of-en associated wth defezts 
in the electron transport chain They gre zLarzcter- 
ised Sy abnormal mi. cchondria on muscle biopsy 
However, clinical maricestations are rot corfin2d to 
skeletal muscle. Patieacs may present in the neona- 
tal period with lactic azidesis, zenerzls2d weakness, 
and the Fanccni syncrome!" or later in childhood 
anc early adult life with Kearn's Savre syndrome,” 
myoclonic epilepsy and ragged red fibres 
(MERRF),° or mitochondrial encep^alomyopatby 
lactic acidosis with stroke-like episodes (MELAS) ' 
These clinical groups have limited ncsologival use- 
fulness, however, as taere is a range 5? disease and 
considerable variability even withir a family." 
Moceover, the oiochersstry does not dearly »arallel 
the cirmcal classificaticn.'^ Although most cases are 
sporzdic, maternal inheritance is frequaat in Zamilial 
cases,? “4 and one large family with 2:ght <ffected 
mericers has been described in whizh autosomal 
domirant and X linked irheritance wes extremely 
improbable. While there are few families in waich 
100% of offspring are clearly affected, subclinical 
invclvement has beer described.* It follows that 
mitochondrial mutations may well be causattve in a 
proportion of these femutces. 


Leber's optic neuropa-Ey 


Leber' s optic neuropathy czuses blindnzss with optic 
atropxy in adolescents and voung zdults,? ani 
should not be confused with Leber's amaurosis 
(retinal degeneration with visual loss in infents).'* 
It is exclusively ma'ernally inhented, with 2 
male:emale ratio of 7:1 and around 80% of 
daugkters becoming asymptomatic czrners. The 
biochemical basis is no- well established. but some 
studies implicate rhoderes2 " Histology occasion- 
ally shows similarities with mitochorcnal myop- 
athy.^ -? It therefore oartly fulfills the cnteria 
for a rutochondrial disease, but if so, :nteractions of 
mitochzndnal and nuclear gene products are in- 
volved {see discussion cf mouse MTA above) 


Congenital myotonic dzstrophy 


Myotcnic dystrophy 1: an autosomzl dominant 


condition caused by a mutation on chromosome 
19.7 Although most cases present in adult life, 
around 10% are symptomatic in the neonatal period 
with hypotonia, 2cor suck, respiratory problems, 
and mental retarcation. In these cases the mother is 
nearly always the affected parent.? This could be 
explained by a -ransplacental factor. Alternatively 
some part of :Le mitochondrial genome could 
interact with the chromosome 19 defect, and the 
neonatal presenzetion occur only when both are 
present 


Chloramphenicol induced asplastic anaemia 


Chloramphenico: s known to inhibit mitochondrial 
protein synthesis and resistance 1s associated with a 
point mutation z zhe DNA coding for the 16s 
rRNA, the hypozketical binding site.2! A mutation 
in the binding site might predispose to chloramphe- 
nicol induced aplaz:ic anaemia. Although pedigrees 
are consistent wick maternal inheritance, however, 
familial cases are tco rare for certainty.” ? 


Ways of looking far mifochondrial mutations 


An altered mitocFondnrally encoded protein pro- 
duct, or more directly an analysis of the DNA itself 
could show a mitocaondrial mutation. Most patients 
with mitochondriz] myopathy appear to have 
normal mitochondrial proteins or a generalised 
reduction. One case has been shown to have 
reduced levels of a single mitochondrially encoded 
peptide.” 

Gross alteratiors in mtDNA can be investigated 
by detection o? -estnction fragment length 
polymorphisms”: subtle mutations such as single 
base changes, shor insertions or deletions require 
DNA sequencing. So far, restriction mapping of 
patients with mitccacndrial myopathy” ? and Le- 
ber’s optic neuropz:hy? has not shown any such 
major DNA changes in DNA from white cells A 
recent unconfirmed report, however, suggests that 
there may be deletions of up to 7kb in muscle 
mtDNA in a propo-tion of patients with mitochon- 
drial myopathy 

Thus far there is 3c published mtDNA sequence 
data for mitochondrial myopathy, Leber’s optic 
neuropathy or myotonic dystrophy, although work is 
currently in progress Sequence data on one patient 
with chlorampherico. induced aplastic anaemia 
shows a pomt mucetion which could interact with 
zhloramphenicol bind:ng.~ As this is present in a 
higher proportion of the normal population than are 
sensitive to chloremphenicol induced aplasia, its 
importance is uncer am 


Conclusion 


Maternally inherited diseases could be caused by 
mutations in the mitochondrial genome. Some of 
the mitochondrial myopathies are probably exam- 
ples of this, and perhaps Leber's optic neuropathy 
and susceptibility to chloramphenicol induced aplas- 
tic anaemia. Other diseases whose phenotype is 
affected by the parent from whom the abnormal 
gene originates could be caused by an interaction of 
abnormal mitochondrial and nuclear gene products. 
Clarification of these questions will aid genetic 
counselling, might enable non-invasive diagnosis, 
and allow therapeutic possibilities. 


I would like to thank the National Fund for Research into Cnppling 
Diseases for continuing financial support and to Drs RM Gardiner 
and JM Hockaday for constructive criticism of the manuscript 
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Phototherapy: an ocular hazard revisited 


Phototherapy is an established and z?fec'ive treat- 
ment for neonatal jaurdice.! There remains con- 
cern. however, that tas necessary light exposure 
may pose a porentiaLy aoxious stimu] is to the eyes 
of neonates ^^ Recent studies have -uggested that, 
irres»ective of phototherapy, prolonged exposure to 
'bngnt' ambient hzht may damage core photo- 
receptors? and increase the incidence of ret:nooathy 
of prematurity.” In view of these andngs it is 
perhaps timely to reconsider the prent zl ccular 
hazard posed by phototherapy and the practices 
requ.red to minimise the likelihocd of damage 
occurring. 


The. efficacy of ‘patching’ 


The əyes of phototreaced infants are rouunely 
‘patched’, because E has been shcwn that the 
intensity of light ir. ohototherapy wuts cen cause 
retinal damage in animals.” In a study of 12 different 
eyeshields obtzined fror. neonatal units within the 
Urized Kingdom, Chin e a? found zhat all shields 
teste] were extremelv 2ffective in reducing the 
inte1sity of incident Lght. They and others,’ 
however, noted that pe*ches are prore to shp. Such 
occurrences are explicable on two comnts: it 1s often 
difficult to secure eyzshields effec ively and, in 
add-tion, nursing stafr often think of ‘patching’ as of 
seccndary importance -o more immediate and 
potentially life prese-vmg interventions. 

To what extent dozs inadequate patching—or 
indeed no patching at all—increaze tbe ocular 
hazerd posed by phototierapv? In fact there is little 
evidence that phototFera»y has causec rei.nal dam- 
gge in human infants. This may be due partly -o 
limized follow up test ng, and partly sc the fact that 
subtil» damage may zo undetected. [Aos: studies, 
however, have repcrec carefully ‘patched’ infants 
who may not be expected to suffer damage ® 


Animal experiments 


The case for routine patching of infants’ eyes dunng 
phototherapy is most? based on extrapolations 
from animal studies. Here an important distinction 
must be made between zhe substantial aamber of 
repcrts about acula- 5lrototoxicity? !" and the rela- 
tively few studies that have, in an attempt to mimic 
clinical practice, used an appropnate (that is, 
neonatal) animal with ligat exposure cbtamed from 


a phototherapy unit. Of the latter more relevant 
studies, Sisson & al!! exposed newborn piglets (36 
hours old) to phototherapy for 72 hours. In contrast 
to human neonaces, the piglets’ pupils were dilated 
to compensate fcr their onentation at 90° to the light 
source. At necropsy pronounced histological dam- 
age to rod and cone photoreceptors was found, and 
this was attributed to the light exposure. In a similar 
study, Messner et ai! found retinal damage ın the 
eyes of newbora monkeys that were exposed to 
phototherapy fo> up to seven days; in this experi- 
ment, however, zhe animals were restrained so that 
they directly faced the light source. 

Neither of these studies accurately represents the 
conditions preveiling in clinical practice. Firstly, 
human neonates -indergoing phototherapy are never 
purposely restrained to face the light source, nor will 
their pupils be kept dilated during treatment. 
Secondly, the amount of time the experimental 
animals spent wich their eyes open was not addres- 
sed; studies in humans have shown that premature 
neonates may spend more than 80% of the time with 
their eyes fully zlosed.'? '^ If the transmission of 
light through the closed eyelids is similar to that of 
the adult, there will be a wavelength dependent 
reduction in the intensity of hght reaching the 
cornea of between 10 to 100 times.» 


The developing auman eye 


Consideration of the developing human eye empha- 
sises that further zaution is warranted when extrapo- 
lating from animal studies. For example, corneal 
haze!® and the transient tunica vasculosa lentis 
(present in the eye of the premature neonate until 
about 34 weeks' sestation) may reduce the intensity 
of light reaching tha retina. Though photoreceptors 
in the peripheral retina of the human neonate are 
relatively well developed at full term, the macular 
region remains poorly differentiated." !5 Similarly, 
retinal vascular development is not complete until 
just after term. The relevance of these observa- 
tions to ocular pFototoxicity in human neonates has 
yet to be addressed but they highlight the difficulties 
of extrapolating from animal experiments. 


Conclusions 


We conclude that further research is required to 
evaluate the ocuzar hazard posed by phototherapy. 


Ge6 


Firstly, future animal studies should be designed in 
such a manner as to ensure that the conditions 
prevalent 1n clinical practice are appropriately simu- 
lated. Secondly, estimates of typical exposures of 
the retina received by infants during phototherapy 
are currently unavailable and would be of great 
benefit 1n evaluating the potential hazard. To this 
end we are attempting to measure both the environ- 
mental (for example, the intensity and duration of 
light exposure) and biological (for example, eyelid 
opening, pupil size, transmittance of the eyelids, 
and optic media) factors that influence retinal 
exposure during phototherapy. It 1s hoped that such 
data can be related to known photobiological dose 
response associations obtained from in vivo and in 
vitro laboratory studies. 

Should phototherapy be found to pose an impor- 
tant ocular hazard then the use of eyeshields needs 
to be afforded the appropriate clinical priority. If it 
is not, then the economics of 'patching' and its 
unknown effects on visual development may not 
justify the continuation of the practice. 


Dr Moseley 1s supported by the Wellcome Trust 
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Monitoring in non-traumatic coma. Part I: invasive 
intracranial measurements 


R C TASKER, D J MATTHEW, P HELMS, R DINWIODIE, AND S BOYD 
Hospital for Sick Childr21, Gv-ear Ormond Street, London 


SUMMARY ‘The arteriel blood pressare, intracranial pressure, and organ system failure scores 
were reviewed for 49 infan:s and children with non-t-aumatic coma from various causes. The 
neuroloz:cal outcome was good in z1 patients, moderate in five, and poor in 23. There was no 
significert difference `n maximum intracranial pressures between patients with a good outcome 
and these with a poor one, but patents with a poor outcome had significantly lower minimum 
cerebra: perfusion pressures. During the period of admission 18 patients had cardiovascular 
failure, nire had renal failure, anz two developed severe coagulopathy. Seventeen of the 19 
patients in whom at .east one of these systems fared died. 

Our iindings emphasise the diversity of illnesses associated with raised intracranial pressure in 
children aud the number whe devzlop multiple organ failure, and the values and limitations of 
using minimum cereprai perfusiorc pressure and the organ system failure scores as guides to 


severity o? illness and prognosis. 


In children and infants witk acute non-traumatic 
cerebral insults, the intracranial pressure may be 
monitored .nvasively to give warning of impending 
brain tssue shifts! and -o allow indirect assessment 
of cerebral perfusion. For clinical purposes the 
cerebral perfusion pressure was taken to be the 
differenze petween the nean arterial Elood pressure 
and tre mean intracranial pressure 

The value of reducing rasad intracranial pressure 
and o: maintaining an adequate cerepral perfusion 
pressure kas been shown in studies 5f outcome in 
infecCons of the cen-ral nervous system, and cer- 
ebral ischaemia,” anc Reye’s syndreme.? In these, 
the minimum cereprél pe-fusion pressure was a 
better guide to prognois than the pezk or maximum 
intracrantal pressure alone; a min mum cerebral 
perfusion pressure o2 ebout 40 mm Hg can oe 
viewed as a watersaed with pocr neurological 
outcome below thus pressure and kely good out- 
come above it. 

Overal severity and an estimace of probable 
outcome of the rImess may also be assessed by 
scorng, systems suck as the clinical classification 
systera* and the organ system faiure criteria for 
infants and children ° 

A zexiew of a heterogeneous group of children 
witk. non-traumatic cerebral ins.lts was under- 
taken to determine the influerce of minimum 


cerebral perfusion pressure and maximum intracra- 
nial pressure on outcome, as well as the value of 
clinical severity scores in documenting progress and 
ind_cating outcome. 


Patients and methods 


In this retrospective study we have reviewed the 
exaoerience in the paediatric intensive care unit at 
thes hospital during the two years January 1985 to 
December 1986. Forty nine children presented with 
acnte non-traumatic cerebral insults and had their 
incracranial pressures monitored as part of their 
menagement. There were 29 girls and 20 boys aged 
0-06 to 13-06 years (median 3:3). Seventeen chil- 
d-en had infections of the central nervous system, 14 
had metabolic encephalopathies, seven had suffered 
ischaemic damage, and 11 had various other condi- 
tons (table 1). 

The clinical classification grade* (table 2) assigned 
cn admission and the observations and investiga- 
t.ons made each day were reviewed, and all patients 
were categorised using the clinical classification 
system’ and the organ system failure criteria for 
infants and children (table 3).5 Data collected 
zncluded seizures in the 24 hour period before or 
after admission and the presence of 'deep coma’ 
{fixed dilated pupils, or a Glasgow coma score? of 5 
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Table 1 Details of 49 patients studied 


Case 
no 


Age 


Sex 


(years) 


Diagnosis 


Infections of the central nervous system (n==17). 


1 0 87 Female 

2 1 64 Female 

3 3 11 Male 

4 157 Male 

5 0 06 Female 

6 2°15 Female 

7 3-82 Male 

8 1-53 Female 

9 4-95 Female 
10 727 Male 
11 3-08 Male 
12 10 70 Male 
13 3 50 Female 
14 1 33 Female 
15 11 10 Male 
16 13 10 Male 
17 0-61 Male 
Metabolic illnesses (n= 14) 
18 7 15 Female 
19 12 30 Female 
20 6 67 Male 
21 0-49 Female 
22 7-12 Female 
23 4 37 Female 
24 3 30 Male 
25 107 Female 
26 5 49 Male 
27 5 66 Female 
28 1 47 Male 
29 8-60 Female 
30 11 90 Female 
31 0 51 Male 
ischaemic Hinesses (n=7) 
32 1 96 Male 
33 7-71 Female 
34 885 Female 
35 2 S0 Female 
36 1 56 Male 
37 0-35 Male 
38 0 14 Female 
Other illnesses (n=11) 
39 323 Female 
40 0 65 Female 
41 0 83 Female 
42 372 Female 
43 5.53 Female 
44 11 80 Male 
45 16 20 Male 
46 176 Female 
47 1 45 Mak 
48 8 45 Female 
49 3.32 Female 


H mfluenzae meningitis 
H influenzae meningitis 
H influenzae meningitis 
H influenzae meningitis 
Group B streptococcal 
meningitis 

Meningococcal meningitis 
Tuberculous meningitis 
Tuberculous meningitis 
Measles encephalitis 


Epstein-Barr virus encephalitis 


Viral encephalitis 
Viral encephalitis 
Viral encephalitis 
Viral encephalitis 
Viral encephalitis 
Viral encephalitis 
Viral encephalitis 


Hepatic failure (hepatitis A) 
Diabetic ketoacidosis 
Propionic acidacmia 
Methylmalonic acidacmia 
Maple syrup urine discase 
Maple syrup unne disease 
Type I GSD hypoglycacmia 
Postoperative hypoglycacmia 
Postoperative hypoglycaemia 
Reye's syndrome like illness 
Medium chun acyl COA DH 
deficiency 
Reye’s syndrome 
Reye's syndrome 


Reye's syndrome—chicken pox 


Near drowning 
Near drowning 
Near drowning 
Cardiac arrest—cpiglottitts 
Cardiac arrest—25% bums 


Sudden infant death syndromc 


—near IT.ISS 
Intraventricular hacmorrhage 


Polyarteritis nodosum 

Encephalopathy of unknown 
actiology 

Staphylococcal empyema 

Hypothalamic astrocytoma 

Ventnculoperitoneal shunt 
blockage 

Acute hydrocephalus 

Hypertensive encephalopathy 

Subarachnoid hacmorrhage 

Encephalopathy— 
neuroblastoma 


Cerebral 
perfusion 


pressure 


55 
35 
74 


62 


Haemolytic uraemic syndrome 25 
?Haemolytic uraemic syndrome 45 


intracranial Seizures Deep First 


pressure coma EEG EEG 


Yes 


Yes 


RU, eot, Pon eto eee deos 


m MÀ e 
— cc 


Worst Outcome 


feme ml 


Poor 
Good 
Good 
Moderate 


Died 
Dicd 
Died 
Dicd 
Good 
Good 
Good 
Good 
Good 
Good 
Died 
Good 
Good 


Good 
Good 
Moderate 
Good 
Died 
Good 
Good 
Diced 
Died 
Died 


Modcrate 
Died 
Good 
Poor 


Poor 
Died 
Good 
Died 
Died 


Modcrate 
Modcratc 


Died 
Poor 
Good 
Good 


Good 
Good 
Died 
Poor 


Poor 
Died 
Died 





‘ND=not done, F=failed monitoring 
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cr less rct attributable to drugs) on admission. 
Elecrroercephalograms were graded according to 
the criteri g ven in table 4. The time between the 
first sign Df depressed ccriscicusness anc the mtia- 
tion 5f irtrazranial mon toring was alsc noted for 
each patrert. 

The intracraniz] pressure was monitored using a 
subarachno d screw (Cadman ICP syssem) in 33 


Table2 Cfarcal classification sy;^em* 


Class 1 Patient not regung ntensve car 

Class 1l Patient requinnz ovenight observation 

Class 1H Paysiocogically sable 2atiert requi ing intensive 
nursing and monitcung 

Class V Paystologically unitable patient regu nng intensive 


care from nusses amd doctors ami frequent 
reassessment ard acjustment of reatment 


Table3 Crea for organs z:tem failure for ir fants and 
children ? Faifv-e for a syster: defined bv meeting at least 
one o} the orf2r.a 


System. and 7r easurement Cntera 


Cardiozascu.:az 
Systolic b oxi pressure «40 rim Eg" 
«50 mm Egt 


Heart ratc «50 cr »220/minwce* 

<40 cr >230/minicet 
Serum pE «? zZ mith aormal PaCO, 
Cardiac arret 


Continuous Mrasion of 
inctropi? egent to maintair 
bicod pesaue or cardiac 
ouput, or both 


Respiretory 


Resp ratory rae — ÜUYrminute* 
>70/ronutet 
PaCO, >E 6 EPa 
PaOz <ï 3 EPa in the azsence of 


cyarotic heart dEease 
<200 n the absense of 
cya3püic hear: dizease 


PaO- (mur Ferg) divided by 
the oxyge3 tension in 
insoued a.r 

Mechanica. sentation for 
longer thar -4 hours 


postoperati ey 
Neurolc gical: ; 
Glasgow core score? EM 
Fixed dilated papils 
Haematologica.: 
Haemoglobkin zoncentraton =<S) gA 
White cell coin <3 0x10 
PlateEt coant <2 ~ 3907/1 
Renal 
Serum urea corcentration >13 cmol 


2180 mmol/l m the absence of 
pre-existing disea e 


Serum crestine 
corzentrat:ca 
Daalyas 


*-]less han . yesr old, f=1 vear old or more. 


Ta-ker Matthew, Helms, Din wicdie, and Bovd 


Table 1 Criteria for grading of electroencephalograms 





Predominant activity 
N — Normal or borderline for age and state 
I — Slow activity (0 5-3 cycles/second) or penods of low 
amplitude («50 uY), or both, of less than five 
seconds duration 


II  — Generalsed low voltage activity («50 pV) 
HI -— Electrocerebral silence (isoelectric) 
Discharges 
a — Continuous and unchanging (status epilepticus) 
b — Isolated (focal or multifocal) 
C — ‘Electncal storms’ (runs of discharges changing in 


amplitude, rate, and morphology with shifting focal 
distributton) 





patients, a fluid filled intraventricular catheter 
in 12, and a subdural transducer (Gaeltec 
pressure transducer model ICT/b) in three. The 
subarechnoid screw was generally used ın the older 
children. the limitation being the thickness of the 
skull vault. The youngest child monitored with this 
techmyue was 6 months old. The ventricular and 
subdu-al systems were used at all ages. Morbidity 
was low, with no haemorrhages, and only one case 
of infection (with the ventricular catheter). The 
median duration of monitoring was three days 
(range. 0-5 to 16). Arterial blood pressure using a 
transdaced intra-arterial cannula was shown on the 
same bedside monitor as the intracramal pressure 
(Hewlett Packard patient monitor 78353A or 
783544). Intracranial pressure and blood pressure 
measu-ements were charted half hourly, and during 
unstab.e periods such as acute rises in intracranial 
pressure or falls in blood pressure, or both. The 
highes intracranial pressure and lowest cerebral 
perfusion pressure measurements in the first 12 
hours of monitoring, as well as the maximum 
intracranial pressure and minimum cerebral perfu- 
sion pressure for the period of monitoring, were 
recorded for each patient either from the half hourly 
measurements or from the measurements during the 
acute episodes if they lasted more than two minutes. 

These patients were managed similarly using 
standard nursing and therapeutic measures ’ ? Spe- 
cific nursing care included attention to body position 
with head tilt up at 25—30?, the avoidance of neck 
compression, and the maintenance of normal core 
temperature. Factors known to precipitate episodes 
of raised intracranial pressure such as endotracheal 
suction, physiotherapy, movement, and chest radio- 
graphs were anticipated and treated, first with 
hyperventilation, then with thiopentone. The aim of 
treatment was to reduce the intracranial pressure to 
15 mm Hg or less and to maintain the cerebral 
perfusien pressure above 50 mm Hg. The protocol 
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included mechanical hyperventilation (the PaCO, 
being lowered to 3-3-4-0 kPa), paralysis, and seda- 
tion with pancuronium, diazepam, and morphine 
(each 0-1 mg/kg/dose), phenobarbitone (standard 
dose for age and weight), osmotherapy (to 300—310 
mmol/l) with intravenous mannitol and frusemide, 
and drainage of cerebrospinal fluid through a 
ventricular catheter. Patients with labile raised 
intracranial pressure who did not respond to these 
measures were given thiopentone, either intermit- 
tently or by infusion. Restoration of a satisfactory 
cerebral perfusion pressure was achieved by in- 
creasing the mean systemic arterial blood pressure 
with infusions of colloid or contmuous infusions of 
dopamine, or both. Fifteen patients required 
thiopentone, and six required dopamine. 

Outcome of the survivors was assessed from 
outpatient reviews at this hospital or from question- 
naires completed at referring units The median 
time of assessment of the survivors was 8-0 months 
(range 1-24) after the initial illness. Neurological 
outcome was graded using a simplification of the 
outcome scale proposed by Seshia et al (table 5).? 

Statistical analyses were by Student's t test, the 
Mann-Whitney U test, and Levin and Bertell’s 
estimate of population attributable risk applicable to 
retrospective studies. 1 


Results 


Twenty six of the 49 patients had a good or 
moderate neurological outcome, and 17 died during 
the acute illness. The remaining six children had 
severe neurological deficits. 


Table5 Neurological outcome in survivors The worse 
group is selected if there 1s a dissociation between the 
neurological and developmental states 

Group 


Neurological state Developinent 


(handicap) 





Good None 


Normal, serzures if present 

well (10096) controlled 
or 

Minimal alteration of tone or 
deep reflexes, isolated cranial 
nerve palsy, mild weakness 
(grade 4) or ataxia, seizures if 
present fairly well controlled 
(99-75%) 


Moderate weakness (grade 3) 
or ataxia, behaviour distur- 
bance, cfamal nerves severely 
affected, seizures moderately 
controlled (74-50%) 


Severe weakness (<grade 3) or 
ataxia, tetraplegia, uncon- 
trolled seizures (<50%) 


Mild 


Moderate. Moderate 


Poor Severe 





INTRACRANIAL PRESSURE AND CEREBRAL PERFUSION 
PRESSURE MEASUREMENTS 
All patients had received some treatment to reduce 
intracranial pressure before monitoring and the 
institution of full neurointensive care. When the 
patients who had good outcomes were compared 
with those who had poor outcomes, the interval 
between the first sign of depressed consciousness 
and the initiation of monitoring was significantly 
shorter 1n those who had a good outcome, with the 
respective range (median) being 0-0-1-0 (0-5) days 
and 0-5-5-0 (1-0) days, respectively, p<0-05 Com- 
plete data about monitoring were available in 44 
patients, 40 of whom had intracranial pressures of 15 
mm Hg or more at some time during monitoring. 
In the first 12 hours of monitoring there was no 
difference between the highest intracranial pressure 
and lowest cerebral perfusion pressure in those with 
good, and those with poor outcomes The means 
(SD) in the two groups were 22-1 (8-0) mm Hg and 
27-6 (15-7) mm Hg (intracranial pressure) and 65-1 
(11-8) mm Hg and 56.3 (22-2) mm Hg (cerebral 
perfusion pressure). For the duration of monitoring, 
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Fig1 Maximum intracranial pressure for the period of 
monitoring, and outcome in 44 patients with complete 
data; @=patients who died during the acute illness 
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however, though the maximum intracran al pressure 
was similar in the two geccps—29-3 (10 3) mm Hg 
and 38-1 (20.1) mm Hg (dg 1)—lower minimum 
cerebral Derfusion pressires were fou-d in those 
who had poor outcomes, £€ 9 (10-6) mm Hg and 
37-2 (16-6) mm Hg, respectively, p«0-C01 (fig 2). 

All patients who had gcod outcomes had muni- 
mum cerebral perfusion pressures that did not go 
below 40 mm Hg. Fourteem petients hed perfusion 
pressures of 40 mm Hg »- less, 12 of waom had a 
peor, and two a modera:e outcome. There were 
nine childzen with minimum cerebral perfusion 
pressures in the range 16-42 mm Hg whose out- 
comes were distributed ecual y among the three 
groups (fg 2). . 

In seven patients who aad s00r outcomes, Cer- 
ebral perfusion pressure daing the perizd of moni- 
toring was always greate- then 42 mm Hg and we 
therefore reviewed the zibnezl features of these 
patients more fully. In -wo (cases 1 zad 49) the 
maximum intracranial pressure during monitoring 
was below 15 mm Hg. Case 1 had had an episode of 
status epi. epticus lasting at east one hozr two days 
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Fi2 Mmzrum cerebral person pressure fer the period 
of monitoarg, and outcome i 4e parents with zomplete 
data. @=patients who died cuvar the acute illness 


before monitoring. The clinical course of case 49 
before monitoring was complicated by disseminated 
intrevescular coagulation, hypoglycaemia, renal fai- 
lure. and cardiac arrest. The remaining five patients 
with poor outcomes despite good cerebral perfusion 
pressures. had maximum intracranial pressures 
above 15 mm Hg (range 20-45). Three of these 
(cases 32, 33, and 35) had been resuscitated after 
card-crespiratory arrest before monitoring Of the 
othe: two children, one (case 40) had had two 
diagnostic lumbar punctures with neurological de- 
terioration after each, the second being performed 
24 hours before admission. The other (case 47) had 
a max mum intracranial pressure of 45 mm Hg and a 
mini3-um cerebral perfusion pressure of 62 mm Hg 
This zpparently adequate cerebral perfusion press- 
ure tazrefore reflected systemic hypertension rather 
than the intracranial state. 

In s:mmary, 12 of the 14 patients with minimum 
cerebzal perfusion pressures of 40 mm Hg or less 
had poor outcomes compared with seven out of 30 
patients with minimum cerebral perfusion pressures 
greater than 40 mm Hg. Review of the age, sex 
ratio interval between the first sign of depressed 
consciousness and initiation of monitoring, diag- 
nostic categories, and proportion with seizures 
either before or after admission, were similar when 
the patents with minimum cerebral perfusion 
pressures of 40 mm Hg or less were compared with 
those with minimum cerebral perfusion pressures 
greatz- than 40 mm Hg (table 6). Using Levin and 
Bertel "s estimate of population attributable risk 
applizab:e to a retrospective study,'? the estimated 
risk 0^ poor outcome attributable to a minimum 
cerebral perfusion pressure of 40 mm Hg or less is 
R,a=) 6 (95% confidence interval 0-26 to 0-78), so 
assuming low cerebral perfusion pressure to be a 
majo- determinant of poor outcome, if minimum 
cerebral perfusion pressures of 40 mm Hg or less 
could 3e avoided, poor outcome could be reduced 
by between 26 and 7876. 


SCORINZ SYSTEMS 
On admission 44 patients (90%) were in the most 
severe category of the clinical classification system. 
The remaining five patients were in class IH The 
mortel ty during the acute illness of patients who 
were im class IV on admission was 36% (16 of 44). 
Secetion, paralysis, and ventilation meant that 
the crreria for failure in the neurological system in 
the ozgan systems failure scoring system could not 
be assessed adequately and consistently in all 
patients Zor each day of admission. Those in deep 
coma however, could be identified. On admission 
there were 12 such patients and all had poor 
outcocxes Measurement of intracranial pressure 
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Table6 Comparison of patients whose minimum cerebral 
perfusion pressures were >40 with those <40 mm Hg 


Details of patients Minimum cerebral perfusion 


pressure 
>40 mm Hg <40 mm Hg 
(n=30) (n=14) 

Sex ratio (male female) 13 17 6:8 
Age (years) 

Range 0-49-13 06 0-35-11 1 

Median 35 2 69 
Diagnostic group 

Infection of tke central 

nervous system 11 4 

Metabolic illness 8 5 

Ischaemic illness 4 2 

Other illness 7 3 
Time from first sign of 

depressed level of con- 

sciousness to initiation of 

monitoring (days) 

Range 0-5-0 0-5-4 

Median 10 1-0 
Patients with seizures 16 8 
Outcome 

Good 21 — 

Moderate 2 2 

Poor 7 12 


was unsuccessful in two of the 12, and in the other 10 
the range and median of the cerebral perfusion 
pressure were 5-63 and 36 mm Hg, respectively 

All patients were ventilated during the course of 
their illnesses. A score for the respiratory system did 
not differentiate between those with true respiratory 
failure and those who were ventilated solely for 
treatnent. The organ system failure scoring was 
therefore limited to the cardiovascular, renal, and 
haematological systems 

At the end of the first day of admission nine of the 
49 patients had failure of at least one of these 
systems. During the period of admission the car- 
diovascular system failed 1n 18 patients, the renal 
system in nine, and the haematological system in 
two Nineteen patients (39%) had at least one of the 
systems fail at some time during their admission, 
and of these 17 had poor outcomes. 


Discussion 


The diversity of illnesses associated with raised 
intracranial pressure has been recognised before,’ 
and this review not only confirms this but also 
emphasises that many of these children have mul- 
tiple organ failure. This finding ıs important, and 
contnbutes to the high mortality and morbidity. 

The maximum intracranial pressure is an unreli- 
able guide to prognosis as the difference between 


the groups with good and poor outcomes was not 
clinically relevant. Indeed, intracranial pressures 
greater than 40 mm Hg were found in three patients 
whose eventual outcomes were good. All children 
with intracranial pressures above 55 mm Hg, how- 
ever, had poor outcomes (fig 1). 

These data confirm previous reports’ that the 
cerebral perfusion pressure 1s a better guide than the 
intracranial pressure to eventual neurological out- 
come, and values around 40 mm Hg seem to be 
critical. It must be noted, however, that in this series 
the values in the first 12 hours of monitoring were 
not significantly different between those with good 
and those with poor outcomes. 

Despite the observation that none of the patients 
with a cerebral perfusion pressure below 40 mm Hg 
had a good outcome, there were patients with 
apparently adequate cerebral perfusion pressure 
who had poor outcomes. In those in whom there had 
been a delay between the initial cerebral damage 
and monitoring, and those in whom the damage was 
due to hypoxia or complex pathophysiology, the 
eventual outcome may have reflected the severity 
of the cerebral damage that occurred before 
monitoring.!! In addition, patients with raised ın- 
tracranial pressure and acute systemic hypertension 
had cerebral perfusion pressures that reflected the 
degree of hypertension rather than the intracranial 
state. It must also be emphasised that there were 
nine patients who had minimum cerebral perfusion 
pressures in the range 38-42 mm Hg. Neurological 
outcome in these patients was distributed equally in 
the good, moderate, and poor groups. This suggests 
that prognosis based on cerebral perfusion pressure 
alone is unreliable when values are in this borderline 
range. 

This study has taken no account of time spent at 
different cerebral perfusion pressures or of the 
responsiveness of intracranial pressure to treatment. 
It may be that the differences in outcome could be 
further explained by these factors. Despite their 
limitations these retrospective data strongly suggest 
that neurological outcome m comatose children may 
be improved if cerebral perfusion pressure can be 
maintained above 40 mm Hg. This could be 
achieved by earlier recognition of children at risk of 
raised intracranial pressure, and rapid initiation of 
adequate monitoring in order to prevent episodes of 
poor cerebral perfusion. 

Intracranial measurements can give an indication 
of intracranial fluid and tissue dynamics for the 
period of monitoring. They give no indication, 
however, of the severity of the cerebral insult and 
of cerebral function before and during monitoring. 
Non-invasive measurement of cerebral function in 
the paralysed and ventilated state may provide an 
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improved guide to prognosis, and he role of 
electraeacephalography m these patierts has been 
reviewed. 

The ciucal classifica-zon sestem? wzs helpful in 
classifyimg patients broadly with respec to need on 
admissicr to the intensive care unit Mest, however, 
were in class IV and those most sevezely affected 
were nct specifically :dentiied. The crgan system 
failure criteria for inferts and chidren? was not 
entirely successful. It was limited because of the 
difficult? of neurological assessment for the purpose 
of compérative scoring in patients wth changing 
degrees of paralysis ani sedation. aad diffenng 
degrees of cerebral darrege. All zhe pazients identi- 
fied wita either fixed dilated pupils o- a Glasgow 
coma sccre less than £ nct attributa-le to drugs, 
howeve-, had a poor o1:come. The rele of clinical 
neuroplysiology in -:Liz context has also been 
discussed. |} Furthermore, the finding <f respiratory 
failure cid not differentiate primary lumg problems, 
true certral respiratory cepressicn and paralysis, or 
sedatior and ventilatixn as part cc treatment. 
Despite. these limitations, failure in az least one of 
the systermc systems :card:ovascule-, renal, or 
haematological) led to a more precise identification 
of those likely to have poor outcome. Tais was also a 
simple means of documenting detericcation or the 
need fo- increased support during the acute illness 

Though the early recogrction of raised intracra- 
nial pressure is fraught vith problems we conclude 
that all patients with non-traamatic cerebral insult 
complicated by raised irtracranial preszure or at risk 
of deve-apiag it, shoulc >e considered for measure- 
ment po: intracranial pressure and invasive arterial 
monitoring at an early stage of therr illnesses in 
order to arevent periods of iradeq-ate cerebral 
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perfusion pressure. In addition, the use of a limited 
orgam system failure assessment provides valuable 
information both as a guide to prognosis and as a 
more objective assessment of severity. 


RCT wat supported by the Child Health Research Appcal Trust 


References 


! Miezell. JJ, Regel DH, Cook DR, Binda RE, Safar P 
Intrazranial pressure monitoring and normalization therapy in 
children Pediatrics. 1977,59:606-13 

Goreim KJ, Fainmesser P, Sohmer H Cerebral perfusion 

pressuce and auditory brain-stem responses in childhood CNS 

discrses Am J Dis Child 1983,137:777-81 

JenEins JG, Glasgow JFT, Black GW, et al Reyc's syndrome 

assessment of intracranial monitoring Br Med J 1987,294: 

337-3 

Ycl TS, Pollack MM, Ruttimann UE, Holbrook PR, Fields AI. 

Val dation of a physiologic stability index for use in critically ill 

infants and children Pediatr Res 1984,18:445—5] 

Wilsinson JD, Pollack MM, Ruttimann UE, Glass NL, Yeh TS 

Ouxomnc of pediainc patients. with multiple. organ system 

failazcc Cri Care Med 1986,14:271—4 

Simrson D, Reilly P. Paediatric coma scale 

1982:11:450. 

? Mornss FC, Cook JD Increased intracranial pressure In Levin 
DL. Mornss FC, Moore GC A practical guide to paediatric 
inteisive care 2nd ed Toronto CV Mosby 1984.47-53 

8 Swedlow DB, Schreiner MS Management of Reye's syndrome 
Criiccl Care Clinics. 1985,1:285-311 

? Sesaia SS, Seshia MMK, Sachdeva RK Coma in childhood. Dev 
Med Child Neurol 1977,19:614—28 

? Flexss JL Estimating attributable risk from retrospective 
stud. cs In Fleiss JL, ed Statsttcal methods for rates and 
prozo*tons 2nd ed. Chichester John Wiley, 1981,93-5 

!! Tasxer RC, Boyd S, Harden A, Matthew DJ Monitoring in 
nor-Iraumatic coma Part II electroencephalography Arch Dis 
ChPd 1988,63:895—9 


tS 


ww 


i 


€ 


2 


Lancet 


Corre -pcndence to Dr DJ Matthew, Respiratory Unit, Hospital for 
Sick. Caildren, Great Ormond Street, London WCIN 3JH 


Accepted 5 February 1988 


Archives of Disease in Childhood, 1988, 63, 895—899 


Monitoring in non-traumatic coma. Part II: 
electroencephalography 


R C TASKER, S BOYD, A HARDEN, AND D J MATTHEW 
Hospital for Sick Children, Great Ormond Street, London 


SUMMARY Forty eight comatose children had electroencephalograms (EEG) recorded during 
the acute phase of their illnesses. These were classified according to a simple grading system and 
the findings correlated with the presence of seizures, deep coma, minimum cerebral perfusion 
pressure, and eventual neurological outcome. Serial EEGs proved important, particularly when 
slow activity was seen initially. None of the 20 patients who showed low amplitude EEG activity 
or electrocerebral silence at any stage of the acute illness did well. Discharges were seen in only 
13 of the 29 patients with seizures and their presence did not correlate with outcome except in five 
patients with a distinctive pattern of discharges, none of whom had a good outcome. EEG 
findings associated with poor outcome did not always correlate with the clinical assessment of 
deep coma, emphasising the difficulties of neurological evaluation in these patients. Five of the 
patients with cerebral perfusion pressures greater than 42 mm Hg had a poor outcome that was 
predicted by serial EEOs. In nine patients with a minimum cerebral perfusion pressure in the 
borderline range 38-42 mm Hg the EEG was useful as an indication of the outcome. 
The EEG reflects changes in cerebral function which may be due to multifactorial or repeated 
insults. An EEG is therefore important in both the initial assessment and as an indicator of the 
neurological outcome, particularly in those patients in whom the cerebral perfusion pressure has 


apparently been adequate or within the borderline range. 


Clinical findings in comatose patients whose intra- 
cranial pressure is being monitored are influenced 
by the underlymg neurological condition and by 
drug treatment. The minimum cerebral perfuston 
pressure measured during the acute illness, although 
useful, is only a limited guide to prognosis because it 
gives no indication of the severity of the preceding 
cerebral damage or of changes of cerebral function 
during monitoring.! 

In children with acute non-traumatic cerebral 
damage, the electroencephalogram (EEG) provides 
information about the severity and distribution of 
altered function of the cerebral cortex, presence of 
discharges, and even (on occasion), a clue to the 
possible aetiology. In Reye's syndrome,’ near 
drowning,? and after cardiac arrest? the EEG taken 
at an early stage was of practical help in assessing 
the final neurological outcome. As only nine of the 
49 children already reviewed! presented with one of 
these three conditions, we have asessed the contri- 
bution of the EEG findings to the assessment of 
prognosis in this larger more heterogeneous group 
of comatose children. Particular attention was paid 
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to the association between intracranial measure- 
ments and EEG features. 


Patients and methods 


Forty eight of the 49 children previously reported! 
had EEGs recorded in the paediatric intensive care 
unit during the acute phase of their illness. All 
EEGs were recorded at the bedside using Grass 
8 channel EEG machines and previously described 
techniques * The EEGs were usually recorded within 
24 hours of admission, and no longer than 36 hours 
in any patient One hundred and sixty two EEGs 
were carried out on the 48 patients during 351 
patient days in hospital. Eight children had only one 
EEG, but serial EEGs were taken in most (two in 
13, three in 9, and four or more 1n 18 children) 
The EEGs were graded in order of severity into 
one of the four categories defined in part I.’ This 
grading was adapted from systems used previously 
in patients with. Reye's syndrome," near drowning, 
and after cardiac arrest," and like these was based 
mainly on the amplitude of the predominant activity. 


896 Tasker, Boyd, Ha-den. cna Matthew 


In additicr to this, however. those EEGs showing 
discFarges were given cne zf three subscnpts 
indicating the type of discherges. In nine patients 
receming taicpentone the EE grades of II (low 
amphtude «50 pV) or LI (iswelectric; were not 
inclucted in the data analyss. In these cases the EEG 
grad2s before the drug was givea and after the drug 
had zlear2d were used. 4tterpts to stimulate the 
patients were made durng zach recording but 
environmental conditiors ma this difficult to 
assess and so it has not b22n induded in this study. 
Although the recordings were :eviewed retrospec- 
tively there was little discrezancy becween the 
ongimal report and the sutsequc nt grading. 

C] nical findings includ r.g se-zures in tne 24 hour 
pericd before or after adnissicn, and deep coma 
(fixed dilated pupils, or a Glaxzow corra score of 
five or less nct attributable to d ugs) on admission, 
were noted. Maximum imtrac-anial pressure and 
minimum cerebral perfus cn arzssure together with 
the reurclog:cal outcome! we-e corre ated with 
EEG gracing scores. 

The x? test with Yates: correction was used to 
assess the cirfsrences betweez -roportioas. 


Resu ts 


The diagmosi, neurologcal cctcome, and EEG 
findiags were listed prezousl;! The association 
between tae initial EEG and tke eventuzl outcome 
is shcwn i^ ta5le 1. In five patients (cases 5, 24, 31, 
7, 48') tae mtial EEG covlé ct be graded for 
backgrourd activity becamse o7 the presence of 
conti1uous discharges 
All nine pa ients whose init EEG stowed low 
ampl-tude activity (grade IT) or electrocerebral 
silence (grade IIT) had a poor 2exrologica outcome. 
Nineteen of the 34 patients in wom the initial EEG 
was either normal or showed slov activity (grade I) 
did well; tae remainder hec either moderate (n=4), 
or poor (rz 11) outcomes. 
In “he 4) ch ldren whe bad sec al EEGs the worst 
EEG grads was correlated with 2utcome: (table 2). 
None of -he 20 patients with sither grade II or 


Table 1 mid EEG grade in velition o eventual 
neuro.ogica! 2utcome (n=43) 


Initzal zrade Outcome 

Good Moderate Poor 
Normal 5 z 
I 14 z ii 
II 0 C 5 
ul 0 C 


Table = Worst EEG grade in the 40 patents with serial 
studies tn relation to eventual outcome 
Worst grade Outcome 
Good Moderate Poor 
Normal 0 0 0 
I 15 2 3 
II 0 1 7 
ul 0 0 12 


grade III at any stage did well. Indeed, 19 of these 
20 patients had poor outcomes. Fifteen of the 20 
patien-s with grade I as their worst grading did well, 
but two had moderate, and three had poor outcomes. 
The association between grade II or III EEG and 
poor cutcome was highly significant (p«0-001) 

The five children (cases 7, 15, 28, 32, 37) who had 
either moderate or poor outcomes despite grade I 
EEGs had additional EEG features that were not 
present in those who did well In three children 
(cases 15, 28, 32) there was no clinical or EEG 
unprovement 9—12 days after the initial insult 
(fig 1). This is ın pronounced contrast to the patients 
who dxd well, 1n whom the grade I pattern only was 
seen for a maximum of six days before a clinical 
unprovement in the level of consciousness was 
noted. Cases 7 and 37 had focal low amplitude 
activity, and case 37 also had seizures that were 
difficu t to control, with ‘electrical storms’ being 
recorded at presentation and 36 hours later. 
Althotgh brief episodes of low amplitude activity 
occurrng either spontaneously or in response to 
stimuli were a prominent feature in the EEGs of 
case 15, similar features were present though less 
pronounced in some patients who did well. 

Tweatv nine patients had clinical seizures in the 
24 hours before or after admission; only 13 of these 
had dscharges in the initial record and their 
outcomes are compared with those of patients 
without discharges in table 3. There was no difference 
in outcome between patients with or without dis- 
charges except that none of the five patients with 
‘electrical storms’ in the initial EEG recording 
(fig 2) -hd well, and the clinical seizures in these five 
patients were difficult to control. 

Of the 12 patients presenting in deep coma, two 
initially showed electrocerebral silence (grade IIT). 
Low amplitude background activity (grade II) was 
seen i1 a further three patients. Slow activity 
(grade T) was present in five patients, and two could 
not be graded because of continuous 'electrical 
storms’. Review of the worst EEGs in these children 
showec that seven had grade III, and four others 
had grade II tracings. The EEG in the twelfth 
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Fig1 Aninfant aged 18 months with a metabolic 
encephalopathy (case 28) had generalised large amplitude 
slow activities (grade I) on initial EEG (upper trace) Nine 
days later (lower trace) slow activity ts even more prominent 
though still grade I. He had adequate cerebral perfusion 
pressure throughoutandsurvived with a moderate handicap 


Table 3 Relation between discharges in the inital EEG 
and eventual outcome 


Discharges Outcome 

Good Moderate Poor 
None 17 2 16 
Continuous (a) l Q 0 
Isolated (b) 2 2 3 
‘Electrical storms’ (c) 0 l 4 


patient (case 32), although grade I, never improved. 
In addition. two patients (cases 8 and 45) with 
grade III, and two (cases 40 and 46) with grade II, 
inital EEGs were not deeply comatose. In the two 
cases with grade III tracings, muscle relaxants and 
cycloplegics had been given shortly before admis- 
sion. 


Fig2 An infant aged 6 months with Reye's syndrome after 
chickenpox (case 31) showed an unusual EEG picture; 

runs of discharges shifting in distribution and changing in 
both rate and morphology ('electrical storms') were seen in 
the initial EEG (upper traces) He had seizures that were 
difficult to control. EEG tracings gradually deteriorated and 
14 days later were of low amplitude (grade 11) (lower trace) 
He survived with severe neurological impairment. 


The worst EEG was grade-II or III in all nine 
patients with minimum cerebral perfusion pressure 
less than 38 mm Hg, and they all had poor 
outcomes.! 

There were 20 patients with serial EEGs who had 
minimum cerebral perfusion pressure greater than 
42 mm Hg, and their outcome is shown in table 4. 
Although most remained no worse than grade I 
(with a good outcome), there were seven patients 
(cases 1, 32, 33, 35, 40, 47, and 49) with poor 
neurological outcomes.! Five of these had EEGs of 
grade II or III, and of the other two children case 32 
(although grade I throughout) never improved, and 
case 1 did not have serial investigations. 


Table 4 Worst EEG grade (serial studies) in 20 patients 
with adequate cerebral perfusion pressure (>42 mm Hg) 


Worst grade Outcome 
Good Moderate Poor 
I 13 I l 
II 0 0 2 
II] 0 0 3 
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Table 5 "Verst EGG grade (serra studies) £1 relation to 
outco-ne ir seven penents wif cerebral perfuson pressures 
of 38-42 ma Hg 


Worst gradc Outcomc 
Good Mocercte Poor 
I 2 1 j 
II 0 ] 0 
Ill 0 J 2 


In the ane children whose minimum cerebral 
perfusior pressure was in tbe borde-line range 
(28-42 mm Hg) the outcomes were eqaally distri- 
buted among the three grouss, three were good, 
three moderate, and three poor. The wcrst EEG in 
relation rc outcome in t2 seven of them who had 
senal studies is shown ir tabl 5. Two of the three 
patients “ceses 26 and 39° with poor ouzcomes had 
grad» III tracings (electrocerebral silence). The 
thirc patient (case 15) nad »-ief episcdes of low 
amp itud= activity (but was classified es grade Í). 
Two of the three patients /casss 9 and 14) with good 
outcomes had ser.al EEGs and they remaned grade I. 
Two of th= three patiens with moderate outcomes 
had zeria! ZEGs and the worst grade was II in case 4, 
and I in =ase 37. In addition, in the latter case 
‘electrical storms’ had intially been recorded. 

O* the five patients in hori intracramal pressure 
monitoring failed, three of the feur with poor 
outcomes showed grad2 II or III trecings. The 
fourth patent (case 7) had focal low amplitude 
activity 


BDiscassicn 


The-e are obvious adwantazes in grading EEG 
features that may help predict the meurological 
outcome: o- a comatose child. The gracing used in 
this series (based mainly on amplitude. was found 
useful by cther authors ir specific types o* encephalo- 
patky.^^ Our results sizgest that the grading 1s 
valuable in a wider context. All nine patients whose 
initial EEG showed grade II (low amplitude) or 
grace III telectrocerebrzl silence) tracings had poor 
outcomes. as did 19 oi the 20 children who had 
grace II cr III tracings at ny stage during their 
illnesses (excluding EEGs taxen when intravenous 
ihiooentom had been given). Onlv one child (case 4) 
witk a grace II tracing had a moderate aeurological 
outcome. There was never amv improvement in the 
EEGs ot patients initially showing eithe- grade II or 
LII tracimg:. 

Iv ode-zse to large amplitude (0-5-2 cycles/second) 
slow activ ty (grade I) m tke usua) EEG change 


assodated with any acute encephalopathy or 
encephalitis and represents a potentially reversible 
alteration of cerebral function, and it is important zo 
establish this 1n the early phase of neurointensive 
care. Du-ing the acute phase of the illness, however, 
further damage 1s likely to occur, so serial EEG 
studiss are important when grade I is seen initially; 
eight of our 23 patients later deteriorated to grade II 
or II. Only 15 of the 20 patients who never had an 
EEC worse than grade I had a good outcome. Sertal 
studies im the other five showed unusually persistent 
slow activities without any increase in frequency in 
three cases, contrasting with the gradual increase in 
frequency of EEG activities usually seen dunng 
recovery. Although less than five second periods of 
extremely low amplitude (either spontaneously or in 
response to stimuli) occurred in one patient classi- 
fied as grade I who had a poor outcome, this EEG 
feature alone does not seem to have any discrimi- 
nato-y value, as it was noted in some children who 
recovered fully. 

Oi the five patients whose initial EEG could pot 
be g-aded into one of the four categories because 
discFarges were their main feature, one showed 
clinica] end EEG evidence of status epilepticus that 
was reversible. The ‘electrical storms’ seen in the 
othe: four patients are a distinctive EEG pattern 
that is commonly associated with damage to the 
cortial microcirculation and may account for the 
outcome in these patients. Any neurological sequelae 
seem to be related to the severity and extent of this 
underlying process, and four of our five patients 
who shcwed ‘electrical storms’ (one of whom was 
also initally graded as II) were eventually classified 
as grade II. Neither the presence of seizures nor of 
isolated discharges were in themselves pointers to 
evertua. outcome, though repetitive stereotyped 
discharges (not seen in any of these patients) zre 
highly suggestive of herpes simplex encephalitis. 
Localised EEG abnormalities, whether discharges 
or areas of low amplitude, were usually associated 
with focal neurological signs. 

A ] the patients diagnosed on admission as deeply 
comatose had poor outcomes! and most of these had 
grace II or III EEG tracings at some time. It was, 
however, surprising that the EEG was grade I 
initially in five patients. In addition, two patieats 
with grede III EEG tracings on presentation were 
not clin cally identified as being deeply comatose. 
Neurolcgical assessment is, however, difficult in 
sedeted and paralysed patients and the EEG may be 
the best method of assessing cerebral function, 
though the effects of drugs (such as barbiturates) 
should be taken into acccount. 

Tre £nding that seven patients with no evidence 
of reduced cerebral perfusion pressure dunng intra- 
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cranial pressure monitoring had grade II or III 
EEGs emphasises that poor cerebral perfusion 


pressure or raised intracranial pressure are not the. 


only factors producing cerebral damage (though 
periods of raised pressure with poor cerebral per- 
fusion before monitoring cannot be excluded in all 
cases). Indeed, when the first EEG shows electro- 
cerebral silence, invasive monitoring of intracranial 
pressure 1s contraindicated. 

This study shows that serial EEGs are important 
as a guide to outcome in patients without evidence 
of poor cerebral perfusion pressure, and are of value 
in cases with unreliable monitoring In nine patients 
with borderline cerebral perfusion pressure measure- 
ments the EEG seemed to be of value in assessing 
whether there had been irreversible impairment of 
cerebral function. Monitoring with a continuous 
single channel signal processed EEG (Cerebral 
Function Analysing Monitor)? may have a place 1n 
the identification of compromised cerebral function 
caused by episodes of raised intracranial pressure. 
This is currently being studied in this unit, though in 
the comatose patient single channel monitoring can 
never replace serial multichannel EEGs. 

The EEG reflects the overall picture of multiple 
factors that may alter cerebral function including 
damage from failure of other organs, and the 
cumulative effects of periods of poor cerebral 
perfusion pressure. [t is not surprising therefore 
that the EEG has a valuable role in the prognosis of 
children with the likelihood of raised intracranial 
pressure complicating non-traumatic coma. Although 
some recent studies suggested that evoked potentials 
are more useful and reliable than EEGs as prognostic 
indicators in comatose patients," ? evoked potentials 
only give information about specific pathways and 
cortical areas and may therefore be misleading when 


used in isolation. Studies using evoked potentials 
may, however, be helpful in supplementing the 
EEG findings—for example, somatosensory evoked 
potentials are particularly useful in patients receiving 
barbiturates, and brain stem auditory evoked poten- 
tials give information about brain stem function 
unobtainable from the EEG.” The value of studies 
using both EEG and evoked potentials in a larger 
group of infants and children with non-traumatic 
coma will be the subject of a further report. 


RCT was supported by the Child Health Research Appeal Trust 
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Air or oxygen as driving gas fcr nebulised salbutamol 


J G A GLEESON, S GREEN, AND 1 F PRICE 
Paediatriz Respiratory LaSo-atory, Depa-tment of Thoracic Medicine, King's College Hospital, London 


SUMMARY ‘The effects o7 mebulised salbutamol driven by compressed air or oxygen were 
comparec in a randommed crossover study during 27 a-tacks of acute asthma. Arterial oxygen 
saturatior. rell by 2-6% juring or aiter treatment in 10 cases: seven with compressed air, two with 
oxygen, and one with bozi driving gases. Hypoxaemia »zcurred in younger children and in those 
who fell asleep, but was not related tc the level of arterial oxygen saturation before treatment or 
the size o- the response t» bronchodilator therapy. More children fell asleep with compressed air 
nebulisaton. Arterial oxygen saturetion improved amd heart rates remained stable during 
treatment when oxygen was the drivinz gas. After treat ent, however, arterial oxygen saturation 
fell and haart rates rose tc values that were similar to tanse after treatment with compressed air. 
The falls in arterial oxygen saturation we observed, though comparatively small, would be 
clinically mportant on tte steep part of the oxygen disscciation curve, and our results emphasise 
that families with home nebu.isers sheuld seek medical advice early when their children develop 
severe asthma. The ben2Bts of using oxygen as the drivirg gas during nebulisation were transient, 
and in severe asthma treztment with oxygen needs to be -ontinued after the nebulised salbutamol 


has been given. 


There has recently been a pronounced increase in 
the use of netulisers dnven br air compressors to 
treat asthma at heme.’ Nebulizers are ar effective 
way of gving bronchcdala-ors and prophylactic 
drugs to as-hmatic patients who itnd inhalecs difficult 
to use, aad -hey are pacticylarly useful in the 
treatment of young childper. There are, however, 
some reasons bor concern abou: the domiciliary use 
of nebulsers. Firstly, many patients with a home 
nebuliser Fave not received edequate instmuction for 
its use.? Secondly, some severe.y asthmat c patients 
have repezted.y used higk Coses of Eron-hodilator 
by rebuliszr instead of seeking medical 3elp, with 
fatal outcomes ? Thirdly, home mebulisers zre usually 
used without supplementzry oxvgen. Some degree 
of hypoxia is inevitable during an actte severe 
asthmatic attack and previous stedies have indicated 
that giving high dose DB adrenergic broncaodilators 
by nebuliser nay lead to a farther decrease in 
oxygenaticn.^ 

We ther2tore investigated the changes m oxygen- 
ation during and after néetulis2d salbutamol given 
with air or 190% oxygen as the driving gas in 
children w.th acute severe as-hr1a. Oxvgeaation was 
assessed by the measuremert of oxygen saturation 
with a pulse oximeter,.a non-invasive technique that 
has been saown to reflect Irypoxaer1ia accurately in 


infants with chronic lung disease/ and in children 
over £ months of age requiring intensive care.? 


Patients: and methods 


Any ca.ld more than 2 years old who was in hospital 
with zr acute attack of asthma was considered for 
the study. Our criteria for hospital admission were a 
peak 2xpiratory flow rate of less than 25% of the 
predictad value, or failure to respond to an adequate 
dose o^ nebulised salbutamol. Eighteen boys and 
eight girls aged 2 to 12 (median 7) years were 
studie one girl was studied on two separate 
occasixas three months apart, making a total of 27 
studies In addition to nebulised salbutamol, 12 
were receiving intravenous aminophylline or oral 
theopa /lline, and eight were also receiving systemic 
cortico-teroids. The duration of the attack at the 
time of entry was from 6 to 72 hours (median 29). 
Up tc 18 doses of nebulised salbutamol had been 
given 52fore entry but the median was two, indicating 
that most were studied soon after admission to 
hospita. 

The children were given nebulised salbutamol 
driven by compressed air (Porta-neb 50) and 10076 
oxygen (8 l/munute) in random order two to 
four Fcurs apart. We established that the flow rate 
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from the Porta-neb 50 was about 8 l/minute. The 
children were all awake and breathing room air 
before each study. The dose was 0-15 mg/kg (to a 
maximum of 5 mg) diluted to 4 ml with saline. An 
Inspiron minineb nebuliser pot and medium concen- 
tration oxygen mask (inspired oxygen concentration 
of 50-60% when driven by 100% oxygen at 
8 V/minute) were used on each occasion. Other 
treatment was not altered during the study period. 
Measurements after completing the nebulised treat- 
ment were made with the children breathing room 
air 

Heart, respiratory, and peak expiratory flow rates 
were recorded before, and 10 to 15 minutes after 
each treatment. Heart rate was also recorded during 
treatment. Arterial oxygen saturation was measured 
continuously using a Biox 3700 pulse oximeter for 
five minutes before, during, and 15 minutes after 
each treatment. After preparation of the skin, the 
finger probe was applied and a continuous digital 
reading of arterial oxygen saturation was displayed 
and recorded. The recordings were noted at 
30 second intervals and mean values for the 
five minutes before, the last five minutes during 
nebulised treatment, and 5-10 and 10-15 minutes 
after treatment were calculated. 

Five children who were receiving nebulised sal- 
butamol four hourly at the time of entry were also 
studied before, during, and after nebulised saline (4 
ml). They were given one of four treatments, two 
active and two placebo, in random order at 
two hourly intervals with the proviso that active 
treatment followed placebo so that we did not 
interfere with the management if the acute attack. 
The treatments were: nebulised saline and com- 
pressed air; nebulised salbutamol and compressed 
air, nebulised saline and 100% oxygen, and nebulised 
salbutamol and 100% oxygen. 

The mean arterial oxygen saturation of these 
children before receiving saline (91:696) was similar 
to that recorded before receiving salbutamol (91-996) 
in all 27 cases. The maximum individual fall at any 
time interval with nebulised saline was 1-695. The 


coefficient of variation of arterial oxygen saturation 
(based on 11 values in each case) was calculated for 
eight of the 27 cases chosen at random; the mean 
intrasubject coefficient of variation was less than 
1%. We therefore considered a fall of at least 2% to 
be clinically important in individual patients. 

Dichotomous variables were analysed by Fisher's 
test of exact probability or McNemar's test, where 
appropriate.” Other results were analysed using 
Student's paired t test with a check for order effects. 
Informed consent was obtained from all parents, 
and all parts of the trial, including the study using 
nebulised saline, were approved by the hospital 
ethical committee. 


Results 


There was no difference in the time taken to 
nebulise the salbutamol with the two driving gases. 
Respiratory rates were similar before each treat- 
ment period and did not alter significantly after- 
wards. The driving gas used did not make any 
obvious difference to the bronchodilator effect of 
the nebulised salbutamol when judged by changes in 
peak expiratory flow rate (table). 

Nearly every child had a tachycardia at the outset, 
with mean heart rates before treatment of 
125-9/minute (air) and 122-6/minute (oxygen), 
p»0-1. During treatment with compressed air, mean 
heart rate increased (p<0-001) and this increase was 
sustained after treatment (p<0-01). No such 
increase occurred during treatment with oxygen 
(p»0-05), but there was an increase in mean heart 
rate after treatment (p«0-01). There was no order 
effect (fig 1). 

The figures for arterial oxygen saturation were 
similar before each treatment, before treatment 
with air the mean was 92-0% (range 86-9-95-5%) 
and before treatment with oxygen the mean was 
91-9% (range 88-1-94-9%). There were no signifi- 
cant changes in mean arterial oxygen saturation for 
the group as a whole during or after treatment with 
compressed air. When the children were given 


Table Changes in respiratory (n=27) and peak expiratory flow rates and nebulisation times when treatment was driven by 


compressed air or by 100% oxygen 


Air Oxygen 

Before After Before After 

treatment treatment treatment treatment 
Mean (SD) respiratory rate 31 8 (112) 327 (10:3) 32 3 (11-7) 312 (9-1) 
Mean (SD) peak expiratory flow rate (% of predicted)* 57 2 (29 2) 67.3 (28-1) 58 0 (30:3) 70-0 (30 Q) 
Mean (SD) time on nebuliser (minutes) 9 9 (22) 9-7 (2-3) 





“Seven of 19 patients on air and 10 of 20 on oxygen had a nse of >10% 
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nebulised salbrtamol driven by oxygen. there was a 
rise in mean arterial oxygen sata-ation which lasted 
until the ead of tke treatment. During tie period 
immediately acter treaterieat, the mean arterial 
oxygen satirat on fell, and scztilisation teok up to 
five minutes. “he mean ar-enzl oxygen :aturation 
5-10, and 12-15, minutes after treatment using 
oxygen did not differ either from the baseune value 
or from the mean arteria cxyzen saturation after 
treatment 1snz compressec air (fig 2). 

Arterial o»yzen saturatioa fell by at leas: 2% from 
the value before treatment in 10 children: seven 
when compressed air was usec, two when oxygen 
was used, ard one with b»:E dr-ving gases During 
treatment usirg compress2d air fcur chadren had 
falls of 2~2-5%. In two of F'ese and in a further four 
chidren, erz2r.al cxygen saturat on was a least 2% 
below baseline values 5-15 montes after zhe end of 
the treatment. ‘This fall was greater than 4% in three 
cases, the zr2etest being & -e :o an arteral oxygen 
saturation ci £5-476. In three cases arter al oxygen 
saturation fell by more iken 2% after nebulised 
salbutamol dr ven by 1095 czvgen (one had also 
had a pronounced fall in atertal] oxygen saturation 
when compressed air was used), one child had a 
drop in arievizl oxygen sata-at on of ove- 4%. 

The 10 children who developed clinically 
important hrpoxaemia dic aot differ from the others 
1n either pase or respiratcry rare, or peak expiratory 
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Fig2 sean heart rate in 27 cases before, during, and after 
nebulised salbutamol driven by compressed air or 100% 
oxygen Sars indicate 1 SE 


flow rate, or arterial oxygen saturation, or other 
medicetion, before treatment. Eight of them 
(inclucing the four whose arterial oxygen saturation 
fell by more than 476) were under the age of 7 years, 
and f&e fell asleep during or after treatment. 
Childr2n fell asleep more often when compressed air 
was us2d (nine out of 27) than when oxygen was the 
driving gas (two out of 27); p«0-05, McNemar's 
test. 


Discussion 


Hypo»aemia after treatment with bronchodilators 
probably reflects a comparatively greater increase in 
pulmonary perfusion than in ventilation—that 1s an 
increase in ventilatory perfusion mismatch. This 
increase in perfusion may be due to a B-2-adrenergic 
pulmcnary vasodilation effect or a D-l-adrenergic 
effect that increases cardiac output, or both.'? The 
frequency and degree of hypoxaemia that we 
observed was less than that described in previous 
studies of salbutamol inhalation m wheezing 
children. The mean arterial oxygen saturation did 
not decrease in our group of patients, and arterial 
oxyge-1 saturation decreased by at least 2% in only 
11 of 54 studies. In one study a fall in arterial oxygen 
saturztion of more than 5% in nine of 18 asthmatic 
children aged 2-15 years was reported.* In this 
study arterial oxygen saturation before treatment 
was higher and heart rates were lower than in our 
patients, suggesting that the airways obstruction 
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may not have been as severe. They recorded arterial 
oxygen saturation at fixed time points so their 
results would not allow for brief fluctuations in 
saturation. Also, no mention was made of the 
quality of the pulse wave forms obtained, and (as 
has been pointed out recently) artifactual falls in 
arterial oxygen saturation can result from inadequate 
waveforms." The pulse oximeter we used (Biox 
3700) displays the pulse wave patterns and quantifies 
the strength of the signal so that values recorded 
during suboptimal conditions can be disregarded. 

The one study of oxygenation in wheezy infants 
after nebulised salbutamol showed a significant 
deterioration in the five babies investigated. It was 
suggested that abnormalities in ventilation perfusion 
and therefore hypoxaemia might be more likely to 
occur in infants because they frequently do not 
dilate their bronchi in response to salbutamol and, 
indeed, obstruction to the airways may actually 
increase !! In our study the children who showed the 
largest falls in oxygen saturation were among the 
youngest, but there was no association between fall 
in arterial oxygen saturation and a poor response to 
nebulised salbutamol 

Giving nebulised salbutamol with oxygen as the 
driving gas had two potential benefits. Firstly (as 
one might expect), hypoxaemia did not occur during 
treatment. Five to 15 minutes after completion of 
treatment, however, arterial oxygen saturation was 
no different from that when compressed air was 
used, and pronounced hypoxaemia still occurred in 
a few patients. Secondly, the children were less 
likely to fall asleep when given oxygen with nebulised 
salbutamol. Drowsiness was noted as an occasional 
unwanted effect in a survey of the use of home 
nebulisers,? and in our previous study five of 19 
children with acute asthma fell asleep after being 
given nebulised salbutamol driven by compressed 
air. These five children, and four of the nine 
children who fell asleep after nebulised treatment 
using compressed air ın our present study, showed a 
fall in oxygenation. Sleep in chronic adult asthmatics 
is associated with hypoventilation and a decrease in 
arterial oxygen saturation." Respiratory rates did 
not alter in our patients, but we did not measure 
tidal volume so hypoventilation could be at least 
partly responsible for the hypoxaemia. In support of 
this view, the larger number of patients who became 
hypoxaemic after nebulised salbutamol driven by 
compressed air can be explained by their sleep state; 
in those who remained awake the frequency of 
hypoxaemia was similar after both driving gases. It 
is not at all clear why treatment using compressed 
air should be more likely to induce sleep, but it is 
probably not the noise of the compressor because 
compressors were not used in our earlier study 
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The increase in heart rate that occurred during 
treatment with nebulised salbutamol dnven by 
compressed air did not occur during treatment with 
nebulised salbutamol dnven by oxygen. There was a 
slight increase in heart rate during treatment with 
nebulised saline and there was no difference when 
the nebulised saline was driven by air or oxygen. It is 
difficult to explain this possible inhibition of the B 1 
effect of salbutamol by oxygen, but heart rates rose 
when oxygen was discontinued. 

The recent New Zealand Asthma Mortality Study 
concluded that ın all cases where home nebulisers 
driven by compressed air were used during the final 
attack ‘the probability that inhalation of B sym- 
pathomimetics by nebuliser contributed to death 
was lower than the probability that death would 
have occurred without treatment'.? It 1s reassuring 
that in most of the children we studied nebulised 
salbutamol driven by compressed air was not as- 
sociated with hypoxaemia, and when arterial oxygen 
saturation did fall the changes were comparatively 
small. On the other hand, hypoxaemia was unpre- 
dicatable and although a fall of 2-6% is probably not 
clinically important when arterial oxygen saturation 
is above 90%, 1t would be extremely important if the 
arterial oxygen saturation before treatment with the 
nebuliser was less than 85% and on the steep part of 
the oxygen dissociation curve. 

Our observations emphasise the importance of 
explaining to parents of children with nebulisers at 
home that when the child has an acute attack of 


. asthma they shoiuld not persist with unsupervised 


use of the nebuliser. We recommend that they seek 
medical advice if there is no improvement after one 
dose of nebulised salbutamol or if it 1s needed more 
often than four hourly. Using oxygen as the driving 
gas conferred only transient benefit, and oxygen 
needs to be given continuously to children who are 
extremely hypoxaemic during a severe acute asth- 
matic attack. 


J Gleeson is supported by a research grant from the Children 
Nationwide Medical Research Fund We thank Miss Kerry Jones 
for typing the manuscript 
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Airway responsiveness in low birthweight children 
and their mothers 
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Paediatric Department and * Computer Centre, Royal Postgraduate Medical. School, Hammersmith 
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SUMMARY In a prospective study on a cohort of 7 year old children of low birth weight (under 
2000 g at birth), we observed an increased prevalence of airway responsiveness to histamine 
compared with a reference population of unselected, local schoolchildren. The airway responsive- 
ness to histamine was significantly related to a history of asthma in first degree relatives (natural 
parents and siblings) in both groups of children, but not to that of the mothers. There was no 
increase in the prevalence of maternal asthma, a family history of asthma, or airway 
responsiveness in the mothers of low birthweight children. We were unable to find evidence to 
support the hypothesis that maternal smooth muscle irritability (uterine and airway) has a 
causative role in the premature labour in the mothers and in subsequent bronchial hyper- 


responsiveness in their prematurely born children. 


Increased airway responsiveness to histamine or 
methacholine has been reported in long term 
survivors of bronchopulmonary dysplasia! and re- 
spiratory distress syndrome,” ? and after neonatal 
mechanical ventilation,* suggesting that neonatal 
respiratory illness and its treatment are associated 
with airway hyper-responsiveness detectable many 
years later. The importance of such observations 1s 
immense as they could imply a much worse prog- 
nosis for adult obstructive airway disease than might 
formerly have been suspected. 

Recently bronchial hyper-responsiveness has also 
been shown in prematurely born children without 
neonatal respiratory illness.? ? Bertrand et al have 
even shown that both the full term siblings and 
mothers of preterm children have a much greater 
level of airway responsiveness than control groups.? 
While their study was small and could have suffered 
from bias, their hypothesis was ingenious: irritability 
of both uterine and airway smooth muscle of the 
mothers could act as a common pathway in the 
aetiology both of premature labour and of bronchial 
hyper-responsiveness in both mothers and their 
children (full term and preterm). This hypothesis is 
supported by the use of selective B adrenergic agents 
to reduce uterine smooth muscle activity in obstet- 
rics and smooth muscle activity in airway 
disease. Further supporting evidence comes from 


the observation that a family history of asthma, of 
which increased airway responsiveness is an associ- 
ated manifestation, is commoner in survivors of 
bronchopulmonary dysplasia and respiratory dis- 
tress syndrome.? The hypothesis of Bertrand et al 
has not been adequately tested. 

The reports published so far are all retrospective 
studies based on small samples of hospital popula- 
tions, often without adequate control groups. They 
suffer from potentially severe sampling bias, such 
that the inferences that can be deduced are limited 
by their study design. The true prevalence of airway 
responsiveness in populations of preterm, low birth- 
weight children is not known. 

In this paper we report the initial results of lung 
function tests from a prospective study of a cohort of 
low birthweight children and a random reference 
population of schoolchildren of the same age. The 
study aimed to determine the distribution of airway 
responsiveness to histamine, the relation between 
airway responsiveness and maternal or family his- 
tory of asthma, and the prevalence of airway hyper- 
responsiveness in mothers of low birthweight 
children. 


Subjects and methods 


All infants of birth weight between 500 and 2000 g 
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born in the 12 month period f-om June 1379 to May 
1980, at Hammersmith amd Queen ClLzrlotte's 
Hospitals, w2re recruited in:o a ‘ong zerm aultidis- 
ciplinary follow up study frcra birth. Perin=tal data 
were ~ecord2d soon after discharge “rom the neo- 
natal unit. Cf “he 218 survivar ; in this cohact of 294 
live births, me refused to teke part in this Sudy, 23 
were known ta nave emigrated, and three vere lost 
to follow up. At 7 years of «ge (mean (SD' age 7-00 
(0-16), range 6-2-7-9 years) -34 zhi.dren attended 
the lung furct cn clinic. Of the 57 wEo did not have 
lung functior. tests, 38 lived it a distance (outside 
the boundaries of Greater London) ttree had 
severe menal retardation, and ore was in zare with 
the social services department. Comprehensive 1n- 
formation was also availakle cn seven mzmbers of 
multiple bi-tks whose birth -veizkt was over 2000 g. 
Although act included ir the cohort, -3ey were 
documented in the same wiv as their low birth- 
weight twin or triplet. 

In the secord half of ovr study, all mo hers who 
accompanied their childrer z0 cuz clinic were invited 
to take pa-t ur. the histam-re challenge test Out of 
37 requests, 35 consented to take part. Cae mother 
whz was tnetle to perforr. reproducible peak flow 
manoeuvr2s due to muscle disease did not take 
part. Thirty five mothers completed me airway 
response test to histamine. 

We alsc carned out lunz fanction tests and airway 
response texts to histamin2 in a reference >opulation 
of schoolciradren recruitec “rom three schools near 
to Hammersmith Hospital. All 166 puoils in the 
third and fourth years whose ag> was be-ween 6 and 
8 years attre time of the scF col vists were included. 
Parental zonsent was sought by sending parents of 
eech chikd an explanatory letter tczetner with a 
questionacire through t22 class ceachers. Twenty 
two pareat: did not reply ara 16 parents did not give 
consent. Of the 128 parental consen s obtained 
(77% of zhe total), two ar-ived after the whole study 
had been completed. Three children were absent 
from school due to illness aiter havimg obtained 
parental corsent and three children were not tested 
because thay had active co.ds. Four children did not 
consent Io tie test and the test was discontinued in a 
further lois because o? Lcarseness ard coughing. 
The airwzy response tex was completed by 112 
childrer in the referenze group. Their mean (SD) 
age was 6-65 (0-43) yeers (range 6-2-8 0 years). 

An icentical questior nzirz was used 1o determine 
the persoaal and family history of members of the 
low birchweight cohort aad the reference children. 
The folcwing features cf relevance zo this study 
were recarded: personal n story of coug1 and wheeze, 
asthma or atopic illness, and nstory of asthma or 
other etcpic iliness in 21rerts and splings. Ques- 


tionnaire. were sometimes incompletely filled and 
this ıs reXected in the varying numbers which are 
reported in the tables. 

The tests on low birthweight children were carried 
out at hcespital clinics over the course of one year, 
whereas she control population of schoolchildren 
was studied over a period of six weeks in February 
and March 1987 at their schools 

We used the rapid method developed by Yan et al 
to measure airway responsiveness,’ using handheld 
DeVilbiss No 40 nebulisers. The histamine solutions 
at differ2nt concentrations were prepared at weekly 
interval: by serial dilution with saline from a stock 
solution of 32 mg/ml unbuffered histamine acid 
phospha:e prepared by the pharmacy at Hammer- 
smith Hospital. The histamine solutions used for 
airway provocation tests were all freshly drawn from 
these scJutions at the beginning of each session. The 
output of these nebulisers had been assessed and 
checked before tests were carried out. Peak expira- 
tory flcw rate as recorded by the Wright peak flow 
meter ;Airmed) was used to measure changes in 
airway function. 

After being adequately taught the peak flow 
technique, the children were asked to perform four 
peak flow manoeuvres to establish within subject 
reprocucibility of peak expiratory flow rate before 
any aerosol was given After nebulised saline admin- 
istratior to exclude a non-specific airway response 
to aerosol, the children were given doubling doses of 
histamine according to the schedule shown in 
table _. Sixty seconds after each administration, two 
record:ngs of peak expiratory flow rate were 
obtained, followed mmmediately by the next dose of 
histamine. If the difference between the two record- 
ings was greater than 10%, a third attempt was 
requested The highest value was used in analysis. 
Increasing doses of histamine were given according 
to schedule until the fall in peak expiratory flow rate 
exceeded 20% from the baseline post-saline level or 
until a maximum cumulative dose of 6 umol had 


Table 1 Histamine dose schedule 


Dose Histamine No of Cumulative 

number solution puffs dose (umol) 
concentration 
(mg/ml) 

1 2 2 0 07 

2 2 4 0-15 

3 8 2 0 33 

4 8 4 0-7 

5 32 2 1:5 

6 32 4 3-0 

7 32 8 60 
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been given, whichever was the sooner The children 
were seated throughout the test. 

A dose response curve was constructed by plot- 
ting the highest peak expiratory flow rate against the 
cumulative dose of histamine on a log scale. The 
cumulative dose of histamine required to cause 20% 
fall in peak expiratory flow rate from the post-saline 
level (PD55) was obtained by linear interpolation of 
the dose-response curve. 

During the course of the study, when it became 
apparent that there were no children with a PD;o 
less than the second dose of histamine in our 
schedule, the protocol was modified by combining 
the first and second doses as one single dose (4 
mg/ml, three puffs) 

The same method was used to measure airway 
responsiveness in the mothers of low birthweight 
children and in the reference population of healthy 
schoolchildren. 

Skin prick tests for atopy were carried out in the 
low birthweight children but not in the control 
population Three common allergens—namely, 
housedust mite, group B grass pollens, and cat fur 
(Bencard)—were administered together with a con- 
trol solution. A skin test was considered to be 
positive if there was a weal of 2 mm or more in 
diameter to any one of the allergens 1n the absence 
of any response to the control solution. 

Neonatal history and questionnaires were not 
analysed until the whole of the study had been 
completed. The neonatal history of the children was 
not known at the time of testing. 

Statistical analysis of the distributions of airway 
responsiveness in the two populations of children 
was done by Mann-Whitney U test. Significance of 
the association between various factors and the 
presence of airway responsiveness, and the compari- 
son of the prevalence of these factors 1n the two 
populations of children was assessed by the x? test. 

Written consent was obtained from the parents of 
all subjects. The studies were approved by local 
ethics committees. 


Results 


Of the 134 children from the low birthweight cohort 
who attended our clinic, 122 completed the airway 
response test satisfactorily. Three children were 
unable to take part in breathing tests at all because 
of the presence of tracheostomy in one and mental 
retardation 1n the other two. A further two were 
unable to perform reproducible peak flows due to 
coordination difficulties relating to underlying 
neurological problems. Two children were unable to 
produce a peak flow greater than 80 1/minute and 
one child who had a cold did not take part in the 
test. Four children refused the airway response test. 


The mean (SD) birth weight of the 122 children 
who completed the airway response test in the 
cohort was 1472 (348) g (range 730-1990 g), and the 
mean (SD) gestational age was 31-8 (2-8) weeks 
(range 27-39 weeks). Eight children were of gesta- 
tonal age 37 weeks or over, but were small for 
gestational age. Altogether there were 45 small for 
dates babies (birth weight under 10th centile for 
gestational age). On the basis of questionnaire 
reports from parents of the reference schoolchildren 
there were three preterm children of gestational age 
between 35 and 36 weeks None weighed below 
2000 g at birth. 

A total of 87 (71%) of the low birthweight 
children had a PD of 6 umol or less compared with 
48 (4396) children in the control population (table 
2). The frequency distribution of the airway re- 
sponse to histamine in both populations was con- 
tinuous, with that for the low birthweight children 
significantly shifted to the left compared witb the 
controls (figure). The median for the low birth- 
weight children was around 4 pmol whereas that for 


Table 2 Arway responsiveness to histamine 


Cohort PD" (umol) 
Gl 21-3 23-6 >6 
No (?6$) No (%) No (%) No (%) 
Low birth weight 
(n— 122) 18 (15) 35 (28-5)  34(28) 35 (28-5) 
Reference 
(n=112) 10 (9) 19 (17) 19 (17) 64 (57) 
3/718 2, p<0 001 


"PD is the cumulative dose of histamine required to cause 20% 
fall in peak expiratory flow rate from the post-saline level. 


E Low birth werght (n=122) 
CI Reference group (n=112) 





pae gp E 
015 03 07 15 3 €6 
PD29 (umol) 


Figure Frequency distribution of airway responsiveness to 
histamine in 7 year old low birthweight children and a 
reference population. The cumulative dose of histamine 
required to cause 20% fall in peak expiratory flow rate from 
the post-saline level (PD 29) is plotted on a log, scale. 
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the reference population; was greater han 6 umol 
(Mann Whitney U test p<0-001). 

Using the same protoccl, five of the 35 mothers of 
low birthweight childrem (14%) showed a positive 
airway respcnse to histanine to a maximum cumula- 
tive dose o7 up to 6 pmo.. Tke results ot a survey of 
airway sesponsiveness 2o histamme r3 an adult 
population carried out by Woclcock et cl, using the 
same tecinaque but with a lower maxim. 1m cumula- 
tive dose of 3-9 umol, -eported a prevalence of 
10-5%.8 Az a dose of #9 umol -he prevalence of 
airway responsiveness ia the mothers of our low 
birthweight cohort was zlmost identical at 8:696. 

There wes no significert difference ir the preva- 
lence of aschma in the subjects, their mothers, or 
first degrez -elatives, between the low birthweight 
and refece3ce populaticns of children. (table 3). 
There was asignificant association between a personal 
or a famrlv history of ashma (but not ef maternal 
asthma a ame) and increased airway responsiveness 
in both tae low birthweizat and referenze children 
(tables 4 end 5). There was also a significant 
associaticn between pos tive sxin test to common 
allergens aad airway hyper-responsiveress in the 
low birthweight children 77—7-9; p<0-095). Within 
the low birthweight cohort, the six mothers with 
asthma dtd 3ot go more frequently into spontaneous 
preterm labour than the 10n-asthmatic mothers. 


Table 3 Prevalence of a:func m study ~ubjects and 
members ef cose family" 


Cokort Subjects “ethers Mothers — Siblngs 
No (total) “fo (totcl) No (total) No (total) 

Low birth wzig-t | 13(122) = 120) 5 (120) 11 (99) 

Reference 13 (105) = 99) 3 (110) 8 (90) 


*Variation .n numbers in bra: kets ts due to the presence of 
muluple bir:he brothers and ssiers at the same school, single 
parent farmaes. missing data cue tc unknown stzte of natural 
parents, andureompletely filled cuestionnatres 


Table 4 Felation between pz rora history of asthma and 
an way resporetveness to histamine 





Cohort Personal | 2D; umol) x p Value 
history ——— 
of d-3 23 
asthma 
Low birth weigtt Yes “0 1 11 «0001 
(n=122) No ea 68 
Reference Yes 7 5 £9 «0005 
(n=105) No ES. 75 





*PD., 1$ the cumulative dose of a.3tamme required 0 cause 20% 
fall in peak ezpratory flow rate fo the post-saline level 


Table 5 Relation between famuly history of asthma* 
and azway responsiveness to histamine 





Cohor Family = PDoyt(umol) Y p Value /" 
history ——— 
of 0-3 >3 
asthma 
Low btth weight Yes 12 6 45 <0 05 
(n=_21) No 41 62 
Reference Yes 9 9 64 <0-025 
(n=) No 17 64 


*In nataral parents and siblings 
TPD s the cumulative dose of histamine required to cause 20% 
fall ın pzak expiratory flow rate from the post-saline level 


Discu:sion 


As a result of other selective, retrospective studies, 
it has Deen stated that asthma may contribute to the 
chronx lung disease which sometimes follows inten- 
sive cere of preterm infants.’ There are several ways 
in which an association between asthma and chronic 
lung cisease could come about. A causal relation 
would be the simplest. Bertrand et al provided 
eviderce for an alternative hypothesis by showing 
that tte mothers of preterm infants in general had 
hyper-responsive airways.” They proposed that pre- 
matur-ty and later airway abnormalities were linked 
by familial smooth muscle hyper-responsiveness: 
uterine and airway smooth muscle in mothers and 
airway smooth muscle in their children. In order to 
confirm their hypothesis, 1t 1s essential to show that: 
(1) the prevalence of airway responsiveness in 
low birthweight children 1s increased compared 
w-th a reference population of equivalent age; 
(2) the prevalance of airways responsiveness in 
th» mothers of these children 1s higher than that 
of the general adult population; 
(3) a maternal history of asthma is commoner in 
the low birthweight children; and 
(44 airway responsiveness in these children is 
particularly related to the maternal history of 
ashma. 

In oar study we showed that the prevalence of 
airway responsiveness was increased in the low 
birthweight population (71%) compared with that of 
the reference group (43%). This observation was in 
accordance with that reported by Bertrand ef al 
(77% of the premature children showed a positive 
response to histamine)? and MacLusky et al (6596 
showec a positive response to methacholine).? We 
were, however, unable to show that the prevalence 
of airway responsiveness in mothers of low birth- 
weight children was greater that that of the general 
adult population as reported by Woolcock er al using 
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the same methodology.) On the basis of self 
administered questionnaires completed by the chil- 
dren's parents, there was no difference between the 
low birthweight cohort and the reference group in 
the prevalence of asthma among mothers or other 
family members (table 3). Finally, we showed that 
airway responsiveness in children was related to a 
personal and a family history of asthma in general 
and not particularly to a maternal history of asthma 
(tables 4 and 5). 

In this prospectively studied cohort of low birth- 
weight children, we found no evidence to support 
any association between premature labour and 
maternal airway hyper-responsiveness (and by 
implication, uterine smooth muscle responsiveness). 
Moreover, although a family history of asthma was 
more common in children with increased airway 
responsiveness, suggesting a familial component in 
airway responsiveness, this applied to both low 
birthweight children and to the reference group. 
The differences between our study and previous 
Observations require explanation 

There are inherent dangers in extrapolating 
results from limited retrospective studies.? ? Obser- 
vations based on small hospital based samples suffer 
not only from selection bias, but also bias due to 
willingness of the solicited subjects and their control 
group to take part in research studies. Consequently 
the study sample could be biased towards those who 
had closer hospital or clinic connections or those 
with more frequent symptoms. Our study cohort 
was unbiased, age and birthweight specific, and 
recruited in the neonatal period. 

As in any longitudinal study entailing long pertods 
between the time of inception and the time of 
observation, some loss of follow up ıs inevitable. Of 
the original cohort of 218 survivors, we saw 67% of 
all available survivors 1n the United Kingdom in our 
lung function clinic. Of those who did not come to 
our chnic, 66% lived outside the boundaries of 
Greater London. There was no significant differ- 
ence in mean birth weight and gestational age be- 
tween those who attended lung function clinics and 
completed the tests (1472 g and 31-8 weeks) and 
those who did not (1535 g and 31.7 weeks). We 
nevertheless sent the parents of these children 
questionnaires identical to those used in our study. 
Of the 25 replies received out of a total of 57 sent, 
there was no significant difference in the prevalence 
of respiratory symptoms or asthma in their families. 
Their omission ıs unlikely to have affected our 
results or conclusions. 

It is impossible to find out the airway responsive- 
ness in those low birthweight children who died as 
infants. We cannot say whether their deaths could 
have been in any way related to their endogenous 


airway responsiveness. On the basis of the question- 
naire administered to mothers in the neonatal 
period, neonatal and postneonatal deaths were not 
associated with an increased prevalence of maternal 
history of asthma and hay fever 

Airway hyper-responsiveness to chemical irritants 
such as histamine and methacholine is an established 
feature of childhood asthma.’ Its presence has been 
shown to be significantly related to respiratory 
symptoms based on a conglomeration of positive 
responses to questions about wheeze, exercise 
wheeze, and night cough. It has also been 
observed in children with a variety of chronic airway 
diseases and many years after acute infantile lung 
infections. In addition some normal children with- 
out any respiratory symptoms may have hyper- 
responsive airways.’ Our finding of increased airway 
responsiveness in low birthweight children was not 
related to their prematurity, as we were unable to 
show any direct relation between airway responsive- 
ness and gestational age or birth weight. The 
possibilities that increased bronchial responsiveness 
resulted from neonatal intensive care or subsequent 
environmental factors remain to be tested. 

Our findings support a familial component in 
airway responsiveness in both low birthweight child- 
ren and schoolchildren in general It is possible that 
prematurity or neonatal intensive care could in some 
way enhance the occurrence and persistence of 
airway responsiveness in low birthweight children. 
We reject the hypothesis, however, that maternal 
smooth muscle irritability is a common factor in the 
aetiology of premature labour in mothers and of 
bronchial hyper-responsiveness in their children. 
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asymptomatic infants with milk protein sensitive 
enteropathy 


N IYNGKARAN,' M YADAV,t C G BOEY,t AND K L LAM’ 


Departments of * Paediatrics, T Genetics and {Cellular Biology, and Pathology, 
University of Malaya, Kuala Lumpur, Malaysia 


SUMMARY The clinical response and the histological changes in the mucosa of the small bowel in 
response to continued feeding with cows' milk protein were assessed over a period of 2-6 weeks 
in 24 infants who had shown histological changes without immediate clinical symptoms after 
challenge with a diet containing cows’ milk protein. Twenty of the 24 infants (83%) thrived well 
on cows' milk protein. Jejunal biopsy specimens taken six to eight weeks after the initial biopsy 
showed histological improvement in all 20 infants compared with biopsy specimens taken soon 
after the challenge, which had shown mucosal damage. The mucosa had returned to normal in 12, 
was mildly abnormal in seven, and moderately abnormal in one. Corresponding improvements in 
the activities of mucosal enzymes were seen. In four of the 24 infants (17%) symptoms developed 
"between three and six weeks. Histological examination of the jejunal biopsy specimens showed 
that mucosal damage had progressed in two, and remained the same in two; moreover, the 
disaccharidase activities remained depressed. The present study shows that most infants with 
enteropathy caused by sensitivity to cows' milk protein but without clinical symptoms develop 
tolerance to the protein and the mucosa returns to normal despite continued feeding with cows' 


milk protein. 


Vilous atrophy of the proximal jejunum is a 
consistent histological finding in infants with entero- 
pathy caused by sensitivity to cows’ milk protein 
after they have been challenged with the protein.!7* 
Some infants with damaged mucosa, however, 
develop symptoms, and others do not. The symp- 
toms, especially vomiting and diarrhoea, may de- 
velop either rapidly (within 48 hours) or slowly 
(over a penod of 2-30 days). Some infants remain 
asymptomatic despite mucosal damage and con- 
tinued feeding with cows’ milk protein.^^ In 
practice this group is not recognised as being 
intolerant to cows’ milk protein. Hence if one of 
these infants develops diarrhoea weeks later there 1s 
confusion as to the cause of the symptoms and 
precious time is wasted by exploratory laboratory 
investigations. 

Infants with symptoms following challenge with 
cows' milk protein need to have the protein elimin- 
ated from their diet before they will improve. The 
dietary management of infants with mucosal damage 
but without immediate symptoms, however, poses a 
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problem; it 1s not clear whether they should be 
maintained on an exclusion diet or should receive a 
conventional cows' milk formula. 

The present study was undertaken to determine 
the effect of continued feeding of cows' milk protein 
on the clinical course and the histological state of the 
jejunal mucosa of infants who sustained small bowel 
mucosal damage but who did not have early (within 
48 hours) clinical symptoms after challenge with 
cows' milk protein. 


Patients and methods 


We used the histological criteria for the diagnosis of 
enteropathy caused by cows' milk protein that we 
have described previously.* A total of 35 infants 
with diarrhoeal disease thought to be caused by 
intolerance to cows’ milk protein were studied. 
After appropriate correction of fluid and electrolyte 
imbalances"* the infants were given a predigested 
formula feed that did not contain cows' milk 
protein.’ The infants were kept under observation 
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until they were feeding well, gaining weight nor- 
mally, cd had normel stcols. They were then 
discharged home, the mothers having been supplied 
with the appropriate prelaydrolysed formulas and 
instructed not to offer ery other mill. 

The infants were realrittzd six weeks later for 
challenge studies as prev.oisly descri»ed.^ * The 
infant was offered 5 ml cf tae low lactoss cows’ milk 
(AL 110) and if no reaction occurred the volume 
was dou».ed hourly for the frst four aours, then 
three ho.izly until the tota f vid requirments had 
been met. If the infants ceveloped symptoms the 
challenge was stopped and ihe infants were given an 
oral rehydrating solution after which they were 
given a protein hydrolysa e formula. 

Jejunal biopsy specimers were taxer only after 
informec consent was cLtained from the parents. 
The bioosy specimens were taxen tarough the 
mouth just distal to the Gucdenojejunal -lexure with 
‘the Watson paediatric capsule inm medietely before 
the challenge with cows’ mk protei: and then 
20-24 hcurs later wheti2- or not symptoms de- 
veloped. The morphologice!] changes in zhe mucosa 
were scored as previously described.* * 

Infants who had histolegical -eacticns but no 
symptoms {group 2), andin“arts w.thout clinical and 
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histological reactions to the challenge (group 3) 
were studied further. They were maintained on 
cows' milk (for example, S-26 (Wyeth)) and two to 
Six weeks later were readmitted for complete 
clinical assessment and a third biopsy. Four infants 
in group 2 who had relapsed were given a prehyd- 
rolysed formula and then had a further challenge 
about six weeks later. 

Routine laboratory investigations performed on 
inittal admission, before and after the challenge 
after six weeks of diet free of cows' milk protein, 
and at the second readmission for the third biopsy 
two to six weeks later included measurement of 
haemoglobin concentration, total and differential 
white cell counts, culture of the stools for bacterial 
and viral enteropathogens, and microscopic ex- 
amination of the stool for parasitic infection. The 
mucosal imprint described by Kamath and Muru- 
gasu for the diagnosis of infection by Guardia 
lamblis was also carned out.? Mucosal disacchari- 
dases and alkaline phosphatase activities were 
estiraated in the jejunal biopsy specimens as pre- 
viously described.9 ! If diarrhoea occurred during 
the mitial illness or after the challenge the Clinitest 
method was used to detect secondary sugar 
intolerance.!? 


Biopsy specimen 
normal (n=12) 


Biopsy specimen 











abnormal but 
improving (n=8) 












Biopsy specimen 
unchanged (n2) 





Failed to thrive, 
with symptoms 
(nz4) 











Biopsy specimen 
more abnormal 
{(n=2) 


Biopsy specimen 
normal (n=4) 
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Figure Flow diagram showing desgn of study 


weeks 
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Results 


The figure summarises the plan and the results of 
the studies. Thirty five infants were challenged with 
cows’ milk protein From the clinical responses and 
histological changes in the intestinal mucosa three 
groups were defined. Group 1 comprised seven 
infants who developed both clinical and histological 
signs These infants were not investigated further. 
Group 2 comprised 24 infants whose biopsy speci- 
mens showed histological changes but who had no 
symptoms, and group 3 comprised four infants who 
showed no clinical or histological reaction to cows' 
milk protein. According to the diagnostic criteria 
groups 1 and 2 had enteropathy caused by cows' 
milk protein but group 3 did not, and so may be 
considered as a control group. Follow up studies 
were based on groups 2 and 3, and the clinical 
features of these infants at the time of their initial 
disease are shown 1n the table. 

The infants in groups 2 and 3 were maintained on 
conventional cows’ milk and during follow up 20 
(83%) of the 24 infants in group 2 remained well, 
but four (17%) developed symptoms (figure). The 
20 infants who thrived on the formula containing 
cows' milk protein had a mean (SD) daily weight 
gain of 28-8 (23-8) g during this period compared 
with 26-2 (15-3) g during the period when they were 
having the exclusion diet. The third biopsy specimen 
of these 20 infants showed varying degrees of 


Table Demographic and clinical features of 24 infants 
with positive (group 2) and four infants with negative 
(group 3) reactions to challenge with cows’ milk protein 





Group 2 Group 3 
(n—24) (n4) 
Mean (SD) age (days) 46 (21 3) 83 (61) 
Sex male 14 1 
female 10 3 
Ethnic group Malay 4 0 
ines¢ 15 1 
Indian 5 3 
Mean (SD) age at onset 
of diarrhoea (days) 19 9 (16:3) 79 (62 2) 
Mean (SD) duration of 
diarrhoea (days) 24-3 (20 4) 331415) 
Symptoms 
Diarrhoea 24 4 
Vomuting 12 1 
Dehydration 6 1 
Fever l 
Anal excoriation 20 3 
Thrush 8 0 
Abdominal drstension 8 0 
Eczema 3 0 
Anaphylaxis l 0 
Bloody diarrhoea 3 0 


t  —— Mn — À————— MÀ — e LM —— A —GRMÓMT—ÓMÓÓÜQMÓMWR i 


histological recovery of the mucosa with normal 
mucosa in 12, mildly abnormal mucosa in seven, and 
moderately abnormal mucosa in one. 

The four infants in group 2 who failed to tolerate 
cows' milk developed diarrhoea, eczema, and per- 
sistent rhinitis, and failed to thrive. The histological 
appearance of the third biopsy in these infants 
showed that the mucosal damage had progressed in 
two, and remained unchanged in the otber two. 
Interestingly, one of the four infants thrived on the 
formula containing cows' milk protein for six weeks 
with a mean daily weight gain of 10 g before 
developing diarrhoea and vomiting The four infants 
required protein hydrolysate substitutes before they 
improved clinically. A fourth biopsy about six weeks 
later of these four infants showed normal histo- 
logical appearances of the intestinal mucosa, but a 
further challenge with cows' milk protein at this 
time produced symptoms immediately and these 
were associated with severe mucosal damage unlike 
that seen after the first challenge when the onset of 
the symptoms had been delayed. 

The infants in group 3 remained well and gained 
weight on conventional cows' milk with a mean (SD) 
daily weight gain of 29 (1.7) g, which compared 
favourably with the daily gain of 29-3 (4) g during 
the period when they received the exclusion diet 
following their initial illnesses. 

The mucosal disaccharidase activities were esti- 
mated in biopsy specimens obtained before and 24 
hours after challenge with cows' milk protein, and 
two to six weeks after the challenge on a conven- 
tional milk diet in 13 infants in group 2. Compared 
with the prechallenge estimations the postchallenge 
values of lactase, sucrase, and maltase decreased by 
about 37%. These values increased, however, by 
37-109% after the second challenge two to six weeks 
later when the infants were on a conventional milk 
diet compared with the initial values 


Discussion 


There is no satisfactory reason why infants with 
enteropathy caused by cows’ milk protein, even 
those with moderately severe villous atrophy, re- 
mained asymptomatic and thrived well on cows’ 
milk protein while others developed symptoms and 
required exclusion diets. There 1s also no satisfac- 
tory reason why some infants with mucosal damage 
reacted rapidly to challenge with cows’ milk protein 
while others reacted only slowly. Similar observa- 
tions have been recorded in studies on enteropathy 
caused by cows’ milk protein, soy protein, and 
gluten.? 4 8 3 

Factors such as intercurrent infection, secondary 
intolerance to sugar, antigenicity of cows’ milk 
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protein. and the extenr and severity of mucosal 
damage, certainly influence the rature, severity, 
and onset of symptoms in infants with enteropathy 
caused by sensitivity ta food.’ The current study 
not only confirms earlier observeticns 5f depressed 
mucosal enzyme activity in damaged mucosa? !° !! 
but in addition, shows unexpected and interesting 
increased enzyme activty in the secord follow up 
biopsy specimen taken bout one morth after the 
challenge compared wita the enzyme a-tivity in the 
mucosa before the chelkengz. It is poss ble that the 
increased enzyme activides were zsscciated with 
induction of these enzymes by the conventional 
infant formula feeds containing lactose that thev 
were rece: ving during this period compared with the 
prehydrolysed formula taat they received during the 
period before the firs: biopsy. Ther: is strong 
evidence that sucrase is induced by diet/? !$ but 
lactase appears not to be in humans-? !* although it 
is in rats? 2 On the otha: hand, the ra&ed enzyme 
activities may merely reflect the repair of the 
structural damage after challenge with cows! milk 
protein. 

Our observations suggest that both tae digestive 
potential and the immuwmologicai integrity of the 
mucosa have important roles in excluding antigens 
from susceptible tissues Naturally the capacity of 
the vili to recover raodly would enhance the 
immunodigestive functions and therefore directly 
assist in excluding the offending antigens by rapid 
proteolytic breakdown “c non-antigeni- peptides. 
This physiological measur2ment is difficult to assess 
and probably relates to tne functional maturity of 
the small bowel mucosa Even sc, it 1s difficult to 
explain why an infant given as little as 5 ml of cows’ 
milk showed within 30 minutes of ingestion both 
violent clinical and histclogical reactiors, whereas 
another infant showed crly a histological reaction 
after consuming more than a litre of the milk. One 
explanation may lie in t32 nature and -ype of the 
immune mechanisms in the pathogenesis of mucosal 
damage induced by cows’ milk procein.!* 2-6 
Moreover, it is possible that with the strengthening 
of the suppressor pathway the immune responses to 
the food proteins are modifed. Aroth=r possible 
explanation may be the recovery potertial of the 
mucosa under adverse conditions. 

The development of clix:cal tolerance end histolo- 
gical repair despite the continued feedirg of cows’ 
milk protein to infants with enteropathy caused by 
cows’ milk protein but wichout symptoms suggests 
that mechanisms for spontaneous sel: repair of the 
small bowel mucosa in these infants remained 
effective even under adve-:e conditions. The factors 
that promote or impair healing of th» mucosa, 
however, remain unclear. Further stud es on the 


complementary roles of the digestive and the 
imm ine functions in the gut in excluding antigens 
are necessary. 

Ite present study showed that most infants with 
enteropathy caused by cows’ milk protein but 
withcut symptoms thrive well with satisfactory 
muccsal recovery when maintained on cows' milk. 
FurtLermore, though the jejunal biopsy was useful 
in diagnosing the enteropathy, 1t had limited prog- 
nostic value, particularly m infants with histological 
damage without symptoms after challenge with 
cows milk protein 


We thank the nursing staff for their enthustastic cooperation in the 
study The project was funded by the University of Malaya 
Researzh Grants Committee and CHILD (centre for child health 
inform ion, learning and development) Malaysia 
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The teenage coeliac: follow up study of 102 patients 
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SUMMARY Over a 10 year period a total of 102 teenage patients with coeliac disease were 
assessec on transfer from paediatri- hospitals to an dult clinic. Fifty seven patients said they 
were or a strict gluten free diet; 36 were semistrict, and nine admitted to eating a normal diet. 
Jejunal mucosal abnozmalties, however, suggested tFat many patients on the ‘strict’ diet were 
actually consuming gli ten. All patieats were well witk 310chemical parameters within the normal 
range. -leight percertiles were n-t significantly d.fferent from the normal population but 
patients, as a group, were significantly lighter. 


The clinical presentation of coeliac disease in 
childhood end adult life 1as b2en well documented. 
Little 1 kmown, howev2-, about the »rogress of 
children wick coeliac disezse a th2 'teerage' years. 
Three prev cus studies have zssessed th» wellbeing 
of patien-s after growth mto voung adu-- life.'? On 
the bass o7 clinical and labo-atory findings, these 
groups cere to the conciusicn that a =rict gluten 
free diet skould be recommended for life. Com- 
pliance with this strict disz is, however, very 
variable.* ~ 

The aim cf this study was -wcfold Firstly, we 
wished tc zssess the gereral wellbeing of teenage 
patients with coeliac dis2ase and tc co-relate this 
with the s-ictness of their gluten tree diet. Sec- 
ondly, we wondered whetaer tae feeding patterns, 
ethnic orizins, or age at dizgncsis had changed from 
those prev.ously quoted tor children with coeliac 
disease. 


Patients and methods 


A total of 232 patients (55 females, 46 males) aged 
12-20 years with coeliac disease weze asszssed in the 
coeliac clitre during the years 1974-84. Most of the 
patients were referred for their continuez follow up 
in adult lice ty two centres: 47 patieats <ame from 
the Hospizel for Sick Chi dren and 38 from Queen 
Elizabeta Hospital for Ca ldren; 17 patents came 
from other centres or tron general practitioners. 

At transfer all patients wer2 seen by one of us 
(PK). All Fad a detailed case history taken. A 
clinical examination was performed with the docu- 
mentation o: their height end weight on percentile 
charts. AN oatients were offered blood tests but 


some refused on the basis that they felt very well. 
Mos: patients, however, had a full blood count, liver 
funcnon tests, and measurements of serum B, and 
red cell folate performed. Patients were asked to 
assess their own diet as strict (no gluten intake), 
semistrict (consuming several items of gluten per 
week). or normal (no gluten restriction at all); in 
some patients a formal dietary check was conducted 
by a dietitian. 

Pa-i2nts were offered a jejunal biopsy either for a 
glutea challenge (if this had not been performed) or 
if a bhapsy had not been performed for two years or 
more. Forty four patients agreed to have a Jejunal 
biopsy. Biopsies were taken at the duodenojejunal 
junct.cn under fluoroscopic control using a Crosby 
capsule. Villous heights were measured using an eye 
piece micrometer. An average count of 10 villi on 
each specimen was made under x10 magnification. 


Results 


All pacients were well and leading normal healthy 
lives. One patient, however, although otherwise 
well, nad symptoms of the irritable bowel syndrome 
that were bad enough to necessitate further radiolo- 
gical szudies of her bowel. There were no other 
symp'cms referable to the gastrointestinal tract 
apart from the 'occasional' attack of diarrhoea or 
abdorinal pain which was passed off, by parents 
and petients alike, as part of normal life. 

The 2atients' assessment of the strictness of their 
diet b2Zore transfer to an adult clinic was as follows: 
those ~ho considered their diet to be strict, 57; 
semis rict, 36; and normal, nine. After follow up in 
an ada t clinic for more than one year the numbers 
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were: strict, 45; semistrict, 46; and normal, 11. The 
gluten equivalent (assessed by the dietitian) was: 
strict, no gluten; semistrict, 2-5-10 g gluten; and 
normal, >10 g gluten. In a few cases the actual diet 
eaten by patients was only admitted to after the 
parents had left the consulting room. 

Although most patients were very well informed 
about their diets a few children, although ostensibly 
on a strict diet, had no idea about the gluten content 
of various foods when repeatedly questioned (with 
their mothers) by the dietitian. Nevertheless, there 
was a good correlation (r=0-888) and no significant 
difference (p—0-22) between the dietitian and 
patients own view of the strictness of the diet. This 
was not surprising as the former could only assess 
the diet on the information given by the patient. 
Most patients appeared to have self-selected their 
diets; almost all patients on the 'strict' diet found it 
no problem while those on the normal diet found a 
strict diet difficult to adhere to for practical or social 
reasons (For example, the marriage prospects for 
an Asian girl were reduced if she was known to be 
onadiet) In some cases, although patients said they 
had gluten free school lunches and gluten free food 
at home, when they went out with their friends at 
"break-time' they ate hamburgers, rolls, biscuits, 
cakes, etc. 

Patients appeared not to have any major problem 
over having gluten free food at school; most patients 
took gluten free packed lunches while some schools 
actually provided gluten free meals. One patient at 
boarding school had a term's worth of gluten free 
bread stored in a freezer at school. 

The assessment of the diet after follow up in an 
adult clinic for more than one year (see above) was 
made to see rf the transfer from a paediatric to an 
adult centre made children less conscientious over 
their diets. Only a few teenagers had become less 
strict during their follow up in an adult clinic. It 
should be emphasised that all children were on 
regular follow up and the policy in both paediatric 
and adult centres was to advise patients to adhere to 
a strict gluten free diet. 

Of the ethnic origins of the patients, 23 had first 
degree relatives with Irish origins. The remainder 
were white but not Irish; two were of Asian origin. 

When the feeding patterns in infancy were ex- 
amined, 36 of 69 patients were breast fed. The 
weaning age varied from 3 weeks to 1 year of age 
with an average of 3-76 months. 

Fifty one patients were diagnosed in the first 2 
years of life and 26 over 10 years of age. Symptoms 
were noticed from a few weeks to many months 
after weaning (mean=2-8 months). There was a 
delay in diagnosis from the onset of symptoms of up 
to 14 years, with 34 patients being diagnosed within 


two months of onset of symptoms, but 12 had had 
symptoms for five years or more. There was no 
correlation between the actual age of weaning and 
the presentation. of symptoms in those patients 
diagnosed at an older age. 

Associated and past diseases are shown in the 
table. Twelve of the 102 patients had atopic ulnes- 
ses: asthma (n=3), eczema (n=6), and hayfever 
(n=3). This incidence is the same as that seen in the 
general population and there was no correlation 
with the feeding patterns in infancy. Twenty six 
patients had first degree relatives with atopic illnes- 
ses and of these, 10 had more than one first degree 
relative with atopy. 


PERCENTILES AT TRANSFER TO ST BARTHOLOMEW'S 
HOSPITAL 

There were eight patients out of 87 who were below 
the 3rd percentile for weight (five female, three 
male) and six of these were on ‘strict’ gluten free 
diets. Of these six, three had presented over the age 
of 10 years with shortness of stature; one patient had 
developed thyrotoxicosis and one had diabetes 
melhtus and asthma, but had reached puberty at 
transfer. One further patient reached puberty within 
a few months of transfer. Analyses and comparison 
with the general population distribution showed that 
all patients as a group were significantly lighter 
(p«0-01; see fig 1). 

There were six out of 70 patients who were below 
the 3rd centile for height (four female, two male); 
five of these were on a strict gluten free diet. Again 
three patients were those who had presented over 
the age of 10 years with shortness in stature and one 
patient had diabetes mellitus and asthma. Five had 


Table No of associated and past illnesses in teenagers with 
coeliac disease 


Disease 


$ 


Thyroid disease 

Diabetes mellitus 

Rheumatoid arthritis 

Glomerular nephritis + chronic. active hepatitis 
Idiopathic pulmonary haemosiderosis 
Sacroileitis 

Non-specific joint. pains 

Asthma 


Ezcema 

Hay fever 
Undescended testes 
Pyloric stenosis 
Epilepsy 

Renal colic 

Psoriasis 

Pancreatic insufficiency 
Hernias 
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reached puberty at transfe~. Qn ccmpletion of 
growth all six remained below che 3rd cante. There 
was no significant d:fference in hesht centiles 
compared with the normal population distributions 
(p=>0-22; Ag 2). 


LABORATOE? DATA 


Haematcloz? 

Three ovt of 95 patients (all male) hac haemoglo- 
bin concer-rations thet were less thar the lower 
range of normal females “175 gil). Two of these 
patients "vere on a ‘strict det All three had started 
their perzods but had no aiste-v of menorrhagia. Six 
out of 73 ked abnormal zed cell folate concentra- 
tions thet were below 353 amol/l: cne with a 
concentration of 265 nmal? and the remaining five 
between 283-333 nmol/l; two of these patients stated 
they were on a ‘strict 2 ten free diez. 

One of €. patients had £ serum B4? concentration 
of 107 pmicbl (normal 7150 pmcol/l). This patient 
admitted to occasional glicen ntake. A whole body 
B4; absorption test showed a normal absorption of 
8076 1n this patient. No ca 1e «as founc for the low 
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serut Bj; concentration; this was repeated a year 
later and was within the normal range. 


Bio-aemistry 

Seram protein and calcium concentrations were 
within the normal range of our laboratories in 80 
patisats. One patient had an albumin of 3-4 g/l 
(normal 23-5 g/l), and although she said she was on 
a 'str ct' diet, the jejunal biopsy specimen was flat. 
Alkaine phosphatase concentrations were variable 
and raised above the normal of 120 IU/l ın 26 of 78 
patients This was compatible with their age and 
growth. 


Appearance of jejunal mucosa 

The villus heights of 44 patients are shown in fig 3. 
Severteen patients had gross abnormality of villus 
heign-s of below 200 um; of these five claimed to be 
on & strict gluten free diet and seven were on a 
semizs-rict diet. All patients on normal diets had 
abnormal biopsy specimens. 


Discassion 


This study shows that all teenagers with coeliac 


Villus height (pm) 
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Fig 3 Willus heights of jejunal mucosa in 44 patents at 
transfer to adult clinic. Patients are divided into groups on a 
strict glaten free diet, a sernustrict diet and those on a normal 
diet. Tre hatched area shows the normal range 
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disease were clinically asymptomatic and leading 
normal healthy lives. Only 57 of the patients, 
however, were keeping to a strict gluten free diet 
and nine even admitted to being on a normal diet. 
Abnormalties of the jejunal mucosa, however, 
suggested that many more patients were consuming 
gluten despite being on a ‘strict’ diet. Although it is 
possible that these abnormalities of villous height 
might have been due to a factor other than gluten, 
four of the five patients in the strict group previously 
had had a positive gluten challenge (that is, jejunal 
mucosal detenoration on gluten reintroduction). 
Laboratory data showed a few abnormalities but all 
of these were minimal. The red cell folate concen- 
tration, measured by the microbiological method, is 
usually considered to be a good index of untreated 
coeliac disease. In this series only six of the 73 
patients tested had low red cell folate concentra- 
tions, suggesting that ‘the low gluten diet’ that these 
patients were consuming caused mucosal abnor- 
malities that were insufficient to affect the absorp- 
tion of nutrients. In contrast, Weir and Hourihane 
found the concentration of serum folate was the best 
single measure of whether a patient was maintaining 
a strict gluten diet, but the number of patients 
reported were small ° 

Our results are in accord with Jackson et al who 
found that 40% of 50 children were not on a strict 
gluten free diet.* Formal gluten challenge studies 
have shown that patients often do not develop 
symptoms on the reintroduction of gluten. Six of 27 
children were asymptomatic in a study by Walker- 
Smith et al, and two thirds of teenage and adult 
patients also remained well, despite jejunal morpho- 
logical deterioration ın another study using long 
term gluten challenge.’ Visakorpi showed that it 
may take many years for children to relapse.? 

Analysis of the height and weight percentiles 
showed that although there was no significant 
difference in height when compared with the normal 
population distribution, patients with coeliac disease 
were significantly lighter than their age and sex 
matched controls. However, we were unable to 
correlate the strictness of their diet with either the 
height or the weight centiles that they achieved. 
Three patients had presented with shortness of 
stature and were not diagnosed until after the age of 
10 years—that is, they were too old for catch up 
growth to occur. 

There was no difference in the feeding patterns in 
infancy of patients when compared with those seen 
in the general population. The patterns of breast 
feeding and weaning age were the same as those 
seen in the general population in the 1960s and 
1970s. This suggests that feeding patterns in infancy 
had no effect on the presentation of coeliac disease. 


The age at diagnosis of our patients was very 
variable Sixty one patients were diagnosed in the 
first 2 years of life, but 26 were diagnosed at 10 years 
and over. Although those diagnosed in the first 2 
years became symptomatic soon after weaning there 
was no correlation between the age of weaning and 
the presentation of the symptoms in those diagnosed 
at an older age. About 50% of this older group had, 
in fact, first presented to the adult clinic The delay 
in diagnosis was again extremely variable but a third 
of patients were diagnosed within two months of the 
onset of their symptoms. 

The associated and past diseases showed no 
increased incidence of any particular condition. We 
could not relate our atopic patients with patterns in 
breast feeding or bottle feeding, but the numbers 
are small. 

There have been four previous studies 
documenting the follow up of patients originally 
diagnosed in childhood Mortimer et al followed up 
10 adult patients in whom the diagnosis had been 
made ın childhood 18 to 38 years earlier." Nine had 
a flattened jejunal mucosa but despite this two were 
asymptomatic. Sheldon in 1969 followed 57 patients 
(aged 16—27 years) at the Hospital for Sick Children 
who were originally diagnosed in childhood and 
treated with two year courses of gluten free diet.' 
He found that on a normal diet 13 patients had 
relapsed but 44 patients remained extremely well. 
Of these 44, 19 had low serum folate concentrations, 
11 had low serum iron, and six were short. On the 
basis of this he suggested that a lifelong gluten free 
diet should be the treatment for these patients. Two 
years later Young and Pringle, at Queen Elizabeth 
Hospital. for Children, followed up 44 patients 
diagnosed in childhood after eight to 19 years.* The 
20 patients on a gluten free diet were well; however, 
of the 24 on a normal diet only five were well. The 
remaining 19 of these patients had ‘diarrhoea 
relapses’ and five were anaemic Again these 
authors suggested that a lifelong gluten free diet 
should be recommended treatment for coeliac dis- 
ease. Weir and Hourihane followed up 10 patients 
for four to six years; five patients did not persist with 
a gluten free diet and although their jejunal biopsies 
were abnormal, they had no abnormalities on 
laboratory investigation.? 

There is no doubt that a gluten free diet is 
beneficial to patients with coeliac disease. Despite a 
policy of advocating a strict gluten free diet with 
regular checks at outpatient follow up, however, our 
study has shown that many of our patients were not 
strictly adhering to a gluten free diet, yet all were 
asymptomatic. Recently, the concept of the perma- 
nence of gluten sensitivity in patients with coeliac 
disease has been challenged. Schmitz et al have 
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continued a normal diet in children win confirmed 
coeliac disease and have shcwn that the jejunal 
mucosa ac-ually improv2d on this diet? Shmerling 
and Franc<x delineatec a group (6-€*5) of their 
patients xko did not relanse and showed no altera- 
tion of the intestinal mucosa after st-pping their 
gluten free diet for at least 2-4 years." These studies 
put the current definition. of coeliac disease into 
question. 

Tn our study patients remained well despite gluten 
ingesticn. As they were hghter in weightas a group, 
however. 1t:could be argued that they shculd keep to 
a strict zLi-2n free diet. Mevertheless, many patients 
will “cheat? and will continue consuming gluten in 
their diets It is possible that the actual amount of 
gluten ingested may bz tke relevant factor in 
producing zymptoms, wazreby small mounts are 
well tole-ased The fact that children nd adoles- 
cents may take much lcnger io -elapse has been 
shown ın previous studies’ * -! and it is possible that 
some of cwr patients mar deve.op symproms in the 
future. We would therefore recommend that these 
patients are followed up regularly with b.ood tests to 
detect occult nutritional deficisnaes. 


We would ike to thank Mr Peter Davies of tb». growth and 
developmen department at the Hospital for Sick. Children for 
anelyses o? percentiles, the late Professor John Harries for referral 
of patients fom the Hospital for 3ck Chi drea, Dr A A Dawson for 
investigating petients under his zare; Mess Jasmone Challis of the 
dis:etic department at St Bartholemcw's Hospital, the Joint 
Research Beard of The City anc Hackney Health *uthonty, and 
the Coeliac Soxcty for their financial aelp 
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Vitamin B4» deficiency in a breast fed infant 


A J McPHEE," G P DAVIDSON,1 M LEAHY,t AND T BEAREF 


* Department of Paediatrics, Queen Victoria Hospital, Rose Park, South Australia and Departments of 
T Gastroenterology and Paediatrics, Adelaide Children's Hospital, North Adelaide, South Australia 


SUMMARY We report the case of a 5 month old breast fed infant who presented with a history of 
vomiting, pallor, and failure to thrive. Investigations showed severe nutritional vitamin B? 
deficiency with a megaloblastic pancytopenia. This deficiency was due to low vitamin Bj 
concentrations in the maternal breast milk, and subsequent investigations showed maternal 
pernicious anaemia. Treatment of the infant with vitamin B4? resulted in a rapid clinical and 
haematological improvement. This case represents an unusual presentation of pernicious 


anaemia. 


Dietary vitamin B, deficiency in infancy is rare, and 
most reported cases are breast fed infants of 
mothers who themselves are deficient in vitamin 
By, usually on the basis of deficient (particularly 
vegetarian) diets '* The development of haemato- 
logic, neurologic, and metabolic abnormalities in 
the breast fed offspring of these mothers is usually 
the presenting feature of the maternal deficiency, 
which itself may be mild. The case reported here is 
that of a breast fed infant whose vitamin Bj 
deficiency presented as vomiting, failure to thrive, 
and megaloblastic pancytopenia at 5-6 months of 
age. Although maternal serum vitamin B,, concen- 
trations and blood film were normal, concentrations 
of vitamin B,2 in the breast milk were very low 
Subsequent studies showed maternal vitamin Bj; 
deficiency due to subclinical pernicious anaemia. 
Three similar cases, two of whom had prominent 
neurologic abnormalities, have been reported.>’ 


Case report 


A girl, the first born infant of healthy unrelated 
parents (birth weight 3080 g), was exclusively breast 
fed and maintained the 25-50th weight percentile 
until 3-4 months of age when vomiting became a 
problem This did not respond to the introduction of 
solids and in the three months before admission she 
gained only 250 g. Pallor was first noted by her local 
physician at 5 months of age, and anaemia was 
diagnosed (haemoglobin concentration 74 g/l). 
Treatment with oral iron was without effect, and at 
the time of her referral to the Adelaide Children’s 
Hospital a complete blood count showed pan- 
cytopenia with a haemoglobin of 70 g/l, white 
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cell count 7-5x10?/, absolute neutrophil count 
530x109/, and platelets 55x10?/1. 

On admission, she was found to be a pale placid 
infant, with a weight of 5640 g («3rd percentile), 
length 66 cm (10th-25th percentile), and head 
circumference 43 cm (10th percentile). There was 
no lymphadenopathy and no  organomegaly. 
Neurodevelopmental assessment was consistent 
with postnatal age, and maternal dietary history was 
normal. Subsequent investigations of mother and 
infant are shown in the table. 


Table Results of investigations on infant and mother 


Investigation Infant Mother 
Haemoglobin (g/l) 52 136 
White cell count (x107/1) 3+4 66 
Absolute neutrophil count 

(x 10°/1) 400 4550 
Platelet count (10°) 46 >200 
Serum vitamin Bı, (pmol/l)* «37 273 
Serum folate (nmol/l)t 49 9-8 
Breast milk vitamin Bj 

(pmoUI)1 — 44 3 
Schilling test Normal Abnormal 
Barium meal and follow 

through Normal Not tested 
Gastric parietal cell antibody Negative Positive + 
Thyroid cytoplasmic antibody Not tested Positive ++ 
Intrinsic factor antibody Negative Positive +++ 
Free thyroxine index§ Not tested 55 
Thyroid stimulating hormone 

(IUA)| Not tested 126 


"Serum vitamin Bj? normal range=221-885 pmol/l 


fSerum folate normal range=6 8-47-7 nmol/l 


iBreast mik vitamin B,; normal range=207-1549 
$Free thyroxine index normal range 75-150 
{Thyroid stimulating hormone normal result «10 IU/ 
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The infant’s blood filu showed appreciable poiki- 
locytosiz and amisocyto:13 with macroc~tic changes. 
The reticulocyte count was 1-4% and thare were two 
nucleated red cells per ICO white cells Occasional 
myelocytes and metamyelocytes were seen. A bone 
marrow biopsy specimen saowed appreziable mega- 
loblastic changes with considerable cisparity be- 
tween nuclear and cytcplasm:c develooment in all 
cell lines, and there was a r1yeloid: erytEroid ratio of 
2:1. The low serum "vitamin B, concentrations 
prompted further studies n the infant. including a 
Schilling test and gastric acid secretion : tudies all of 
which gave normal results. 

Breas- milk vitamin Bz conceatraticns were de- 
termined using the same competitive prctein binding 
assay us2d to determine serum vitamin Bız concen- 
trations. Although the "al. ditv of this essay system 
for brea:t milk Bi was mot determined, the concen- 
tration cf 44-3 pmol/l wes considerably lower than 
concentrations determinzd.in cur -aboraconies, using 
the same assay system, on »reast milk szmples from 
healthy lactating women (2C6-6-1549 4 pmol/l).* 
Also, the concentration ot 44-3 pmol/l is low com- 
pared with other publiskec normal ranges of breast 
milk vitemin Bız determ:red by other methods.® ? 
Overall, the low breast mik vitamin B,. concentra- 
tions suzgested subclintce] maternal ~itamin Bj 
deficiency, and subsequert investigations showed 
classice] (Addisonian]  2rnizious anaemia and 
hypothyroidism 

The irfant was transfussd end vitamin Bj; (250 
ug) was administered as part of her Schilling test. 
Serial blood counts showec £ rapid imp-ovement in 
neutrophil and platelet counts (see figure). Vomit- 
ing stopped coincident wich the admiristration of 
vitamir By, and a consthecable ‘charac er’ change. 
manifested by increased activity and responsiveness, 
was no-ed in the child by toth parents end hospital 
staff. The mother was treatec with thrroxine and 
parenteral vitamin B4? Fol ow up of thezinfant at 12 
and 18 months showed a clinicelly normz! child with 
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Figure Neutrophu and plaee.e’ counts before and after 
treatment -vith 250 pg vitamin E>. 


normal haematology and serum vitamin B? concen- 
trations. Now, at 8 years of age she 1s functioning 
normally in an age appropriate school setting. 


Dis-ussion 


The estimated vitamin Bj; requirements of the 
growing infant are 0-06-0-10 g/day and the normal 
neanztal vitamin B,» stores are of the order of 20- 
25 ps. Therefore the normal newborn infant has 
sufficient vitamin By, stores to last for six to eight 
moníhs, even in the presence of inadequate dietary 
intake or defective vitamin B; absorption. !? On the 
other hand, the vitamin B5 stores of the infant of a 
defic.ent mother may be as low as 2-5 ug and 
although normal breast milk has considerable vita- 
min B,5,?? the vitamin B,. content of the breast 
milE of deficient mothers is low, as shown by this 
and ether cases. Overall, the vitamin B, state of 
the breast fed infant of a vitamin Bj, deficient 
mother 1s precarious, with marginal stores being 
agerevated by inadequate dietary intake. 

Ir the present case the maternal complete blood 
pictu-e and serum vitamin Bı concentration were 
norm]. The low breast milk vitamin B,5 concentra- 
tion. was the only clue to the mother's aberrant 
vitaxin B, state. A similar situation has been 
descr bed in one other case.? 

Based on the estimated daily requirements pre- 
sent21 above, adequate vitamin Bj? intake with a 
brezs: milk Bj? concentration of 44-3 pmol/l would 
requi? an intake of 1-1% litres of milk per day. 
While this would appear achievable, we speculate 
that t1e onset of vomiting at 3 months of age in the 
preseit case was critical in limiting vitamin Bj; 
deficiency. Also, as discussed below, the vomiting 
itsel may have been caused by vitamin B, deficiency. 
Alternatively, because our normal range for breast 
milk vitamin B,, is considerably higher than other 
published normal ranges,® ? it is possible that our 
assa; method may have overestimated breast milk 
vitari n B, and that inadequate intake was present 
fror an early age. 

The clinical features of vitamin Bız deficiency in 
infancv are predominantly neurologic and haemato- 
logic. Neurologic features include an acquired 
mov2nent disorder, developmental regression, tor- 
por, end even coma. * * 7 The appreciable charac- 
ter caange noted in our patient after the administra- 
tion cf vitamin Bj; suggests that her placidity on 
presemtation was an early neurologic feature. Other 
case rzports,? 7 including one from this institution, 
have -eported long term developmental and neuro- 
logic sequelae of vitamin Byz deficiency in infancy. 
In gereral, such sequelae seem to be associated with 
profound neurologic abnormalities at the time of 


presentation and presumably the absence of such 
abnormalities in the present case may explain the 
good long term outcome. 

The haematologic features of vitamin Bg; 
deficiency—namely, a megaloblastic pancytopenia 
—were well illustrated in our case. Other reported 
features such as mild hepatosplenomegaly, diar- 
rhoea, and a curious palmar pigmentation appear 
variable, and were not seen in our patient. Vomiting 
has not been reported previously in association with 
vitamin B, deficiency in infancy, but was the 
presenting complaint 1n our case. The absence of 
any structural cause, and the prompt resolution of 
vomiting coincident with the administration. of 
vitamin Bız suggest that the vomiting was a symp- 
tom of the vitamin Bj; deficiency. 

Three other cases of occult maternal pernicious 
anaemia presenting as symptomatic vitamin B; de- 
ficiency in a breast fed child have been reported.?" 
Haematologic features were prominent in the case 
described by Lampkin et al,” while developmental 
regression was the presenting complaint 1n the case 
of Sadowitz er al, and obtundation with hypother- 
mia was seen in the case of Johnson and Roloff.' 

In summary, a case of vitamin Bj? deficiency in 
the breast fed infant of a mother with occult 
pernicious anaemia is presented. Vomiting and a 
megaloblastic pancytopenia were features of the 
infant's presentation. A low breast milk vitamin Bj; 
concentration was the only clue to the maternal 
deficiency. This case serves to emphasise that 
vitamin B2 deficiency presenting at less than 6 
months of age is almost exclusively seen in breast 
fed infants of vitamin Bj; deficient mothers. In the 
absence of a deficient maternal diet (particularly a 


Vitamin Bj; deficiency in a breast fed infant 923 


strict vegetarian diet), occult pernicious anaemia 
should be considered as the reason for the maternal 
deficiency 
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Recurrence incidence of sudden infant death 
syndrome 


5 M EEAL AND H X ELUNDELL 
Adelaide Children’s Eospual, North Adelaide, Australia 


SUMMAE? The incicence of sudden infant deeth syndrome (SIDS) between birth and 2 years of 
age in South Austral a wes found to be 2-1/1000 live tirths. The incidence in previous siblings was 
10 times that expected, in second degree relatives five times, and in third degree relatives four 
times zhat expected for tae commanity. The minimum incidence in the next subsequent sibling 
was five times that expected. Exc2pt for one family in which both twins died during the same 
night, tze surviving -win has neve- died (23 infants) The incidence of SIDS in adopted infants 
was simar to the inc:dence in nararal born infants. Families in which two or more siblings died 
from SIDs differed from families tn which only one infant died from SIDS in several ways. More 
infants were over 12 months old, and the mothers had an increased incidence of previous 
miscarriage and threaten2d miscarriage during the pregnancy with the infant who died. In one 
family both infants Ład bronchomalacia, and two families were severely socially deprived. 
For most families (629-) ın which an infant died frem SIDS the risk of recurrence is small (less 
that twice the expected msk). We have identified a small subgroup (8%) with a significantly 


increased risk of recurrence. 


The sudcen infant deach syndrome cSIDS) 1s the 
death oF an infant vnexpected by history, and 
unexplair ed after thorough a2cropsy. The incidence 
in South Australia between J and 7:8 days during 
the las: 15 years was 2-1/10€0 live births, between 
z weeks and 2 years it was 2-(/1000, becween 1 week 
and 1 year 1:9/1000, end between . month anc 
1 year 138/1000 live ti-ths. 

Sudden unexpected infant death im siblings was 
reported by Platerus! 11 16:4, and in cousins by 
Cheever^ in 1863. The incicence among previous 
siblings ras been reported as 10 times that 
expected." ^ The incidence in all subsequent siblings 
was repcried as 2:1%, and ia the nest subsequent 
sibling as 1-996 by Peterson," and the i-xidence in all 
subsequent siblings as 37 times end the next 
subsequent sibling as 1-4 times thz community 
incidence in Norway.” Emery described 12 families 
with two cr more cot deaths.’ 


Subjects and methods 


FAMILY HBTORY CONTROL SERIES 

Between January 1973 enc December 1978 one or 
both the authors visitec the homes o? 198 infants 
who died suddenly and unex»zctedlv, usually within 
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24 hours of the infant being found dead, to interview 
and counsel the parents. One hundred and eighty 
seven of these infants died from SIDS As a result of 
these interviews it seemed that in some of the 
famlies there was a higher incidence of sudden 
unezplained death in infancy than would be expected. 
In a3 attempt to verify this impression a controlled 
series was undertaken (table 1). 

Permission. was granted by the Kindergarten 
Union to ask the parents of kindergarten children to 
part cipate in the study. Using the child at kinder- 
garten as the index case, the mother was asked to 
comolete a questionnaire in which she provided 
information about first, second, and third degree 
relatives of the child. A similar questionnaire was 
sent to the parents of the previous 60 children who 
had had SIDS. Information was sought about the 
total number of first, second, and third degree 
relatives, and about all deaths occurring between 
birtF and 2 years, with the age at death and cause of 
deata if known. 

Because some of the relatives included in the 
questionnaire would have died before SIDS was 
classified as a disease, there was a certain degree of 
subjectivity as to whether the death should be 
classified as SIDS. All cases diagnosed as ‘silent 
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Table 1 Infant mortality in first, second, and turd degree relatives of infants who died from SIDS compared with infants 
who died from other causes 


Relative. (degree) Infants who died from SIDS (n=60) Infants who died from other causes (n=53) 
No who died No who died Total No No who died No who died Total No 
from SIDS from other causes of relatives from SIDS from other causes of relatives 
First 3 1 172 0 0 156 
Second 6 6 747 1 6 446 
Third 13 17 1234 2 17 1519 
Total No 23 24 2153 3 23 2121 
Rate/1000 10 2 11-1 14 10-8 


pneumonia’, ‘overwhelming infection’, and 'suffo- 
cation’ were included as SIDS. Where possible the 
relatives who remembered the death were inter- 
viewed and if the child died suddenly and unexpec- 
tedly at home without apparently being ill, and was 
between 1 and 6 months old, this was considered to 
be SIDS. The same criteria were applied to deaths in 
both groups. After this study it was decided to 
continue collecting family histories from families in 
which a death from SIDS had occurred. Because of 
the difficulty of verifying the cause of death in great 
aunts and great uncles they are excluded from the 
continuing study report covering 1979-1986 
(table 2). The cause of death for parents’ siblings, 
half siblings, nieces, and nephews was usually 
verified by the grandparents who were often present 
at the interviews, or were contacted by telephone. If 
there was any doubt, necropsy reports were studied. 

Data collected in 1979 indicated differences in the 
obstetric histories of the mothers of infants who died 
of SIDS and who had a family history of SIDS, 
compared with those without such a history. This 
led to a search for differences between families 
which had had two infant siblings that died from 


SIDS and families in which a single infant died from 
SIDS. 


ESTABLISHING CAUSE OF DEATH OF INFANTS DYING IN 
SOUTH AUSTRALIA, 1965-1986 

A list was made from records held at the office of 
the Registrar of Births, Deaths, and Marriages in 
Adelaide of the-names of all children between the 
ages of 2 weeks and 2 years who died in South 
Australa between January 1965 and December 
1985. This began in 1970 and was retrospective from 
1965 to 1969, but recorded from notification from 
1970. 

The causes of death were ascertained by studying 
necropsy reports as the Adelaide Children's Hospital. 
This uncovered 70% of all infant deaths in South 
Australia and 84% of sudden unexpected infant 
deaths. For those children who did not have a 
necropsy at the hospital a search of hospital records 
was made and if these mentioned potentially fatal 
disorders these were recorded. From this source we 
discovered a further 7%. For the remainder the 
death certificate at the Registrar of Births, Deaths, 
and Marriages was examined. If the cause of death 


Table 2 Incidence of previous SIDS in first, second, and third degree relatives of infants who died from SIDS 











Relatives (degree) Years Total No No who died No of SIDS! 95% Confidence 
from SIDS 1000 hive births intervals 

First— Siblings 1973-86 660 14 21-2 95 to 33-0 
Second— Half siblings 1973-86 43 ] 233 

Maternal aunts and uncles 1979-86 673 10 14-9 

Paternal aunts and uncles 1979-86 3 48 

Total second degree 1346 14 10 4 4-6 to 16:2 
Third— Mothers’ half siblings 1979-86 20 1 50-0 

Fathers’ half siblings 1979-86 23 1 43-5 

Maternal first cousins 1979-86 639 6 9.4 

Paternal first cougmns 1979-86 628 2 3-2 

Total third degree 1310 10 7-6 2-5 to 12-7 
Total 3316 38 115 5-2 to 128 





Significant difference (p<0-0001) for first degree, second degree, and third degree relatives when compared with overall incidence of SIDS 


in South Australia (2-1 per 1000) using two tailed z test? 
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was clear (for example, d-cwningi this vas recorded, 
resulting 13 a further 20% For the remaining 3% in 
which the cause of dea wes not completely clear 
from th2 death certificate (&cr exampE, asphyxia) 
further raz»rmation was 52:£-3ed by eith=r contacting 
the medical practitioner «Eo signec the death 
certificate or studying the recropsy reports at the 
office o: “he Attorney ‘semeral’s Department, or 
contacting the hospital abere the infant died. 


OBTAINIFG CLINICAL, FAMILY, AND OBSTETRIC 
HISTORIES 

Since 1€7= -he families cf most of the infants who 
died succenly and unezpec-2dly (99% of those in 
Adelaide, £0% in the whole of Souta Australia) 
have beer interviewec ky one or both of the 
authors, tke first interview usually occurring within 
24 hours. ci the infant beirg found dead cr moribund 
Data werz -ecorded on a fcrm. Several questions 
have bezn :ncluded sim: 1973; other: have been 
added at varying times. LFesz relating »o this paper 
include questions about zariy and previous infant 
death (zm 1973), pervious muscar-iage (from 
1976); b eecing during pregnancy (from 1978); full 
family hustory, includmz ‘tal numbers of first to 
üfth deg-ee relatives anc a | sidlbirths, mfant, child, 
and young adu.t deatls ir first to -ifth degree 
relatives (from 1979); and sccial grade. From 1977 
tamilies xere given a ra 133 Tom 1-5 bz the author 
after visiting the home TLis was done subjectively 
by noting szveral factors including the tyge of house, 
the area m which they Ined, the condition of the 
house arc grounds, the ecucation of both parents, 
and the »resent employment cf the parents. 

Data were obtained for families not interviewed 
from examinaticn of both certificates contacting 
local doctors, and contacting hospitals where the 
infants were born 


OBSTETRIC HISTORY CONTRCL SERIES 

Questiornzices were sent tc the mothers of 200 
infants vEose births were ccnsecutivel registered 
on two days in March 198+, three months after the 
birth wasregistered Twelve were returned unknown 
at that accress, for rina the infant was over 
á months o= age when the r2p.y was received, 20 did 
not reply. For seven mifants the answers about 
obstetric history were rct accurate »nough for 
inclusion. :One hundred and Afty two replies are 
included. which represents 81% of thcse mothers 
believed to have received the questionnaire. 


Results 


Between January 1970 and December 1985, 1726 
infants in South Australi lec between 2 weeks and 


2 years of age Six hundred and forty eight were 
classified as SIDS, an overall rate of 2-0/1000 live 
birzhs. If the 15 infants who died from SIDS in the 
first two weeks of life, and the four 2 year old infants 
wh» died from undetermined causes in the same 
tire span are included, the incidence of SIDS 1s 
2°1/1000 live births. 


INCIDENCE OF SIDS IN FAMILIES 

Th» infant mortality among previous siblings in first, 
secorid, and third degree relatives of 60 children 
wh» died of SIDS and a control group of 53 children 
is sacwn in table 1. First degree relatives are siblings 
and parents; second degree relatives are half siblings, 
aurts, uncles, and grandparents; and third degree 
relatives are the parents's half siblings, cousins, 
grea- aunts, great uncles, and great grandparents. 
The incidence of SIDS in the families of infants who 
died of SIDS was much greater than in control 
familes The infant mortality from conditions other 
thaa SIDS was similar in the two groups 

Table 2 shows the incidence of SIDS among 
prev.cus siblings in first, second, and third degree 
relatives. The previous incidence of SIDS among 
sib&ngs, aunts, uncles, and cousins was ascertained 
from retrospective recall when the parents were 
interviewed. For siblings and half siblings data were 
colected from January 1973. For 213 families in 
wht one or more infants died between January 
1972 and July 1986 full family histories including 
data aoout all second and third degree relatives were 
colle-ted. 

Eetween January 1973 and July 1986 545 infants 
died from SIDS. At the time of their death these 
infents had a total of 660 full siblings who were born 
alive. One infant had a twin sibling who died from 
SID'S in the same night. Thirteen other infants had a 
sibling (one infant, two siblings) who had previously 
died from SIDS (12 in South Australia, two in other 
states). Excluding the twin pair this is an incidence 
of 2.-2/1000 siblings, or 10-1 times the expected 
rate At the time of death the 545 infants who had 
died of SIDS had 43 half siblings, one of these had 
died from SIDS "The incidence among the full 
sibLrgs of the parents was 13 in 1303 or 10-0/1000 
This is 4-7 times the expected risk. The incidence 
among the parents' half siblings, nieces, and nephews 
was 10 in 1310 or 7:6/1000 (3-6 times the expected 
risk). The incidence was higher among the mothers' 
reletives (12-8/1000) than among the fathers’ rela- 
tives (4-7/1000). 

Table 3 shows the incidence in the mothers’ next 
child. Between January 1970 and September 1986 
690 infants under 3 years of age died from SIDS. 
Twelve families had two full siblings die from SIDS 
(induding one pair of twins) and one mother had 
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Table 3 Histories of families with two or more infants who died from SIDS between 1970 and 1976 





Family History Age at death (months) Next 
No S —————————— — child 
First child Second child Third child 

l Twin boys (died); two single boys (survived) 5 5 NA 1 
2 Two miscarriages, one boy (died), one girl (died) 3 0 NA 1 
3 Two boys (died), one girl and four boys (survived) 14 4 NA 1 
4 One girl (died), one boy (died) 4 8 NA 1 
5 One boy (died), one boy (survived), onc boy (died) 2 3 NA 0 
6 Four muscarnages, one girl (died), one miscarnage, 

one boy (survived), one muscarnage, one boy (died) 4 7 NA 0 
7 Three mrscarnages, one stillbirth, one girl (died), 

one neonatal death, one boy (survived), one boy (died) 7 12 NA 0 
8 One muscarnage, one girl (survived), two boys (died) 6 0 NA 1 
9 Two muscarriages, one grl (survived), two boys (died), 

one boy (survived) 4 NA 1 
10 One girl (survived), two boys (died), one boy (survived) 1 8 NA 1 
11 One girl (survived), one girl (died), one boy (survived), 

one boy (died) 2 1 NA 0 
12 One miscarnage, one girl (survived), one boy (died), 

one girl (survived), one giri (died) 2 1 NA 0 
13 One miscarriage, one boy (survived), one girl (survived), 

one muscarnage, one girl (died), one boy (died) 1 2 NA 0 
14 Two boys (died); one grl (died) 2 19 1 2 


Families 4 and 14—parity not gravidity known, family 8—half siblings (same mother) NA=not applicable 


two infants who died from SIDS who had different 
fathers. Two families had had a previous infant die 
from SIDS (including one of the families with two 
SIDS deaths between 1970 and 1986). One family 
had had an adopted infant who died from SIDS 
before 1970 Excluding the twin pair, for nine SIDS 
infants ıt was the next born sibling who died from 
SIDS (table 3). Of the 654 families in which one or 
more infants died from SIDS between 1970 and 
1985, 17 mothers are known not to have had further 
children. The maximum number of next born 
siblings 1s therefore 637. Of these, seven infants are 
known to have died from SIDS Therefore the 
minimum incidence in next born siblings 1s 11-0/1000, 
or 5-2 times the general population risk. The exact 
incidence in next subsequent siblings cannot be 
given, as some families who have moved from South 
Australia may have had another infant who died of 
SIDS and the exact number of subsequent siblings 1s 
not known. In South Australia the incidence of 
SIDS among twins 1s double the incidence among 
singletons. The increased risk is significant for twins 
weighing less than 2000 g at birth (4-4 times the 
expected risk) but not for twins weighing over 2000 g 
at birth (78% of twins) Between 1970 and 1986 
three infants who died from SIDS had had a twin die 
previously (one early intrauterine, one late intra- 
uterine, and one intrapartum death) One pair of 
twins both died during the same night Twenty three 
twins were found dead while their twin was alive 

Five surviving twins have used home apnoea alarms. 


No surviving twin of a SIDS victim has subsequently 
died. One triplet has died from SIDS, the other two 
remain alive and well. 

The number of infants adopted in South Australia 
has fallen steadily since 1970, and in the year July 
1970 to June 1971, 635 infants under 1 year of age 
were adopted. By the year July 1973 to June 1974 
this had fallen to 266. In the four year penod July 
1970 to June 1974 a total of 1704 infants under 1 year 
of age were adopted. Of these, four infants died 
from SIDS (2-3/1000). In 1971 a twin boy aged 
3 months died from SIDS. As well as his twin he had 
two natural siblings. An adopted sibling aged 
1 month had died from SIDS six years earlier. 


SIDS IN SIBLINGS 
Table 4 shows the ages of siblings who died from 
SIDS were more variable than the ages of SIDS 
victims without SIDS in a sibling, one fifth of 
siblings who died from SIDS being over 12 months 
of age. Thirty six infants over 12 months of age died 
from SIDS between 1970 and 1985. Two of these 
were siblings. Of the 35 families who had an infant 
over 12 months of age with SIDS, four had a 
recurrence in a sibling (11%). Of 676 first SIDS in a 
family 641 (95%) were under 12 months of age. The 
recurrence in families who had a child die from SIDS 
in this age range was eight in 641 families (1%). 
There were also unexpected, unexplained deaths 
in children and young adults. In the family with 
three infants who died from SIDS, the father’s 
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Table 4 Age at which wrfans died of s'DS in South 
Australia, January 1970-Sester ter 1986 


Age at deth Single deaths De.ths from SIDS 
from SIDS amang siblings 
(n 66. ) (n=25) 
No (%) No (96) 
«7 days 4 (09 0 
7-14 dacs 11 (2, jo (9) i 4) Ip (8) 
14-30 da~s 25 (4. 1 4) 
1-6 morths S05 (7e) 14 56) 
6-12 mcen:hs 86 (1:) 4 16) 
12-24 mcn-hs 28 (4 a 4 16) 
24-30 mcn-hs 3059 O | 4) 5 20) 


These figu-es exclude twins wha diec a` 5 montas, wwo siblings who 
died elsewhere at 2 and 4 morths, respectively and one infant 
whose adcpzed sibling died te ore 1970 


mother died suddenly a: 29 years and ro cause for 
death wes found at necrcpsy. In a famil-who moved 
to South Australia after rwo infants had died from 
SIDS in New South Wales, the father died at the age 
of 28 while he was sitting with fiends af--r a game of 
squash. te showed no signs of distres. before his 
sudden ceath for which mo cetse could >e found at 
necropsy. His sister at 24 y2ars of az collapsed 
while dressing to go out she was ventilated by bag 
and mask in the ambulance and given artificial 
ventilatior in hospital, but she never regained 
consciousness and died. She Rad had axhma in the 
past and at necropsy hypoxic brain damage was 
found, thought to be secondary to esthma. The 
cousin oi another family in which two ziblings had 
died from SIDS was nmng across the lawn at the 
age of 2 when she collapsed and died. Eeart failure 
was diagmosed, although until the time cf her death 
she had seemed complete y bealtky. 

During the past eight years details of zll deaths of 
children and young adults have been obcained from 
the 274 fzmilies interviewed waose infars have died 
from SIDS Only one family} with a sigle infant 
dying fror. SIDS has described such an anexpected 
unexplaired death. 


Tasle 5 shows the incidence of SIDS according to 
the mothers’ obstetric histories. Though history of 
previous miscarniage was recorded from. 1976, a 
historv of bleeding in the first three months of 
pregrancy has only been sought since 1978. In the 
last 206 families with one infant dying from SIDS the 
incidence of previous miscarnage and bleeding in 
the first three months of pregnancy was no higher 
than n the mothers of a cohort of 152 successively 
regist2red singleton infant births. 

In 12 families in which a sibling died of SIDS 
(including one family with SIDS before 1970) eight 
mothers had had at least one miscarriage before the 
first ceath from SIDS (table 3) One of these had 
two farther miscarriages between the two infants 
who cied from SIDS, and one a neonatal death of an 
extremely premature infant between the two deaths 
from 5IDS. Details were obtained about bleeding in 
pregnancy for 16 of those in which a sibling had died 
of SIDS; eight pregnancies had been complicated by 
vaginz! bleeding during the first three months. One 
further pregnancy was complicated by bleeding at 
four months' gestation. In the remaining seven 
pregnancies there was no bleeding Previous still- 
birth of a normally formed infant occurred in one of 
12 familes m which two siblings had died from SIDS 
and frve of 413 families in which one infant had 
died from SIDS. 

Some unusual pathological findings were 
recorced. In reviewing the histological reports of 
some of the siblings who had died of SIDS, 
Professor J Emery (personal communication) noted 
broncRomalacia in both boys ın one family. He did 
not feel that this was sufficient explanation for 
death, but had never observed this before in many 
hundreds of infants with SIDS. Interestingly, one of 
the brothers who died from SIDS at 3 months of age 
was noted to have an odd cry, described by the 
parents as ‘like a bleating sheep’ His sibling who 
died az 2 months of age had had a pyloroplasty at 
14 dar-s of age. Recovery from anaesthetic took 
longer chan expected but he was otherwise well. At 
5 weeks of age he had an episode of loud gasping 


Table 5 Comparison of cbstetzc compitcaxions among the groups 





Previous miscarriage 





Vaginal bleeding during first 
three months of pregnancy 


No % 95% Confidence 
intervals No % 95% Confidence 
intervals 
Control grcup (n=152) 36 237 16-6 to 30-8 23 151 91 to 212 
Mothers wat a single death fom S DS (n-206) 39 18-9 133 to 24-5 21 102 58 to 14-6 
Mothers wih more than one death irom SIDS 
(n=12 for miscarmage and :6 fo: vaginal bleecing) E 667* 343 to 991 8 500* 140 to 860 


Sa a n ———— M X— T eP———W 
*Significant difference (p<0 005) wher. compared wth mothers with a single dzath from SIDS, using x) test with one degree of freedom ? 


X; 
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followed by shallow breathing, which lasted for 
about 10 minutes during which he was cold and 
clammy all over. The father of the two boys had 
chest pain and cough with every upper respiratory 
infection and required admission to hospital with 
pneumonia when 26 years old The paternal grand- 
father often had episodes of gasping for air as a 
young adult and became extremely breathless with 
upper respiratory infections He caught a ‘cold’ at 
62 years, began gasping for breath, was admitted to 
hospital but died four days later from upper 
respiratory infection. The paternal grandmother’s 
brother (third degree relative) had been found dead 
in his cot, having been thought well, at 7 weeks of 
age. In another family who now have five living 
children, the first was admitted to hospital at 
14 months of age having swallowed cleaning fluid. 
He developed mild pneumonitis, was well following 
discharge from hospital, but was found dead in his 
cot 10 days later At necropsy there were multiple 
foreign body granulomata in the lungs, although the 
lungs were well aerated. The second child in the 
family was found dead in his cot at 4 months of age; 
there were no unusual histological findings. 

The homes of 445 infants who died from SIDS 
have been visited by one of us in the past 13 years; 
14 families lived ın severely deprived conditions. 
Two of these families have had a further death from 
SIDS, one of them being the most severely deprived 
of all homes visited. 

None of the families with recurrence 1n a sibling in 
this series had a history of SIDS in a second degree 
relative. There was one ın which SIDS occurred in a 
third degree relative, and one in a fifth. degree 
relative. Of the 213 families studied in detail, one 
mother had two brothers who died from SIDS, and 
another infant's father's brother and the mother's 
half brother had died from SIDS. The first infant of 
this mother had one episode of pronounced apnoea 
requiring mouth to mouth resuscitation, the second 
infant died from SIDS, and the third infant (who 
required regular thyroid supplement for congenital 
hypothyroidism) had several attacks of apnoea while 
on a home alarm system. 


Discussion 


In Norway all live births are recorded in a Medical 
Birth Registry. The official national person number 
system enables longitudinal follow up of all mothers 
to be carried out with respect to the results of their 
pregnancies. This is linked to the official system of 
death registration. Apart from families who may 
emigrate this enables accurate evaluation of recur- 
rence of SIDS in subsequent siblings. It seems that 
in that series the recurrence ts 1n the mother's next 


subsequent child, which includes half siblings on the 
mother's but not the father's side. Using this system 
and including deaths occurnng between 7 and 
364 days of age, SIDS in the next subsequent sibling 
(? mother's next child) in Norway was found to be 
4-4 times the expected incidence Such a numbering 
system is not used in South Australia, so the exact 
number of next subsequent infants is not known. 
Most mothers in South Australia who have an infant 
who dies from SIDS have further children; 81% of 
married couples who had an infant that died from 
SIDS in 1980 are known to have had a subsequent 
child by January 1986, and 72% of mothers in 
Adelaide who had an infant that died from SIDS in 
1985 had become pregnant by July 1986. 

In the same age range as the Norwegian study 
(7 to 364 days) between 1970 and 1985, 603 of 
the families that we studied had their first infant 
die from SIDS in South Australia. Of these mothers 
eight have had a further death in the same 
age range, four in the next subsequent child. 
Extrapolating from the previous data that showed 
that 81% of families in which a child died from 
SIDS in 1980 had another child by 1986, it is thought 
that between 80% and 100% of such mothers 
have another child. This means that the incidence 
in the next subsequent child in the 7 to 364 days 
age group may be estimated as being between 
4 in 693 and 4 in 482, or a rate of 6.7 to 8-3/1000 
which is 3-5 to 4-4 times the rate expected in 
this age range (1-9/1000); this is similar to the 
relative risk in Norway. When infants dying at 
12 to 24 months are included, between 1970 
and 1985 a further 35 families had their first 
infant die from SIDS in South Australa. Of 
these four had a recurrence, three in the next 
subsequent infant, making a total of seven in 
the mother's next subsequent child in a maximum 
of 638, or a minimum rate of 11/1000, five times 
the expected rate of 2-1/1000 in this age range. 

Peterson found mothers in families in which more 
than one infant had died from SIDS had considerably 
fewer full brothers and sisters and proportionately 
more half, step, or adopted siblings than their 
spouses and the mothers and fathers of all other 
SIDS probands.” In the families with more than one 
case of SIDS in this study one mother was adopted. 
Ten mothers had 41 siblings (including one neonatal 
death of a full sibling) and four half siblings Ten 
fathers had 32 siblings, one stillborn full sibling, two 
half siblings, and one step sibling (who died from 
SIDS). 

Both genetic and environmental factors seem to 
contribute to recurrence of SIDS in families in South 
Australa, and indeed the gestation and environ- 
ment of infant siblings tends to be similar. The 
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environmertal influence ts 1llustrated ty the occur- 
rence 07 SIDS in two infants in onc family, one 
being natural born and tae other adopced; the only 
incidence of bath twins dying being n the same 
night; and the -ecurrerce in two sevzrely socially 
deprived families. The genetic influence 1s shown in 
the three families with deaths in vovag adults or 
children and the family in which twa infants had 
bronchomalacia. 

In 1980 m South Australia the average family size 
was 2-4 cnikiren. Assuming SIDS to bs a sporadic 
event th s means an inctlence of SIDS sf about one 
in every 20) families. 3etween Janua-y 1970 and 
September 1986, 677 fam-hes 1 South Australa had 
an infan- who did from SIDS; for 13 farcilies it was a 
recurrence cf SIDS This is an incidence of one in 52 
families, or about four times the expec-ed risk. 

Six hundred and'twenty six of the 577 families 
(92%) had their first nfanz death from SIDS 
between 2 weeks and 12 months of age, were not 
severely soc.ally deprivec, hac no fam.-y history of 
sudden unexpected unexplained deaths in children 
or young adults, and no Eronchomalacia at necropsy 
Five of these familes kaye had a subsequent infant 
die from SIDS (an incid2ace of one in T26 families. 
or 1-6 tines that expected), three of these being the 
next subsequent child (0-5% inciderme in next 
child). It stems reasonatle to reassure t-ese families 
that it is unl kely to hapozn again. 

The rk for a few families (less than 10% of 
SIDS) is significantly imcreased The only family 
with bronchomalacia fouad at recropsy. zhree out of 
four families with a histcry of sudden unexpected 
unexplained deaths in ch ldren or voung adults, four 
of 35 families ın whom the irfant whz died from 
SIDS wes over 12 months of age at the time of 
death, ard two of the 14 “emilies who were felt to be 
severely soc:ally deprived, had a recucrence in a 
sibling. Although numters in this study are too 
small to give exact risks, ir families with any of these 


factcrs, particularly if the mother has a history of 
miscarnriage or bleeding during the pregnancy, the 
subs2quent child should be considered ‘at risk’. 

Recurrence in families relates to the incidence in a 
community or race. Where the incidence 1s low—for 
example in Sweden or Asia—recurrence is extremely 
rare. It also relates to the size of the family; the 
more infants born into a family the more likely is it 
that there will be a recurrence. There are many 
reasons for large families (cultural and religious) but 
gooc counselling at the time of the death from SIDS 
and the increased appreciation by parents of the 
unpcrtance of children and families, are likely to 
explain part of the difference in reported family 
recurrences in different communities 
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Combined familial adenosine deaminase and purine 
nucleoside phosphorylase deficiencies 
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SUMMARY We studied an Arab family in which two infants died of severe combined 
immunodeficiency caused by adenosine deaminase (ADA) deficiency. One infant had purine 
nucleoside phosphorylase (PNP) activity in the leucocytes only half that of normal. Four other 
infant siblings had previously died from infections before the age of 2 months. Hyperpigmented 
skin lesions preceded death in three cases. The healthy parents and three healthy siblings aged 
4-9 years had varying degrees of both ADA and PNP deficiencies in both white and red cells. 
ADA deficiency was pronounced in two siblings, and mild in the third and in the parents, and 
PNP activity was severely deficient in one sibling, and moderately deficient in the parents and 
other two siblings, who were all well. Complete absence of ADA from white cells lead to the 
development of severe combined immunodeficiency, but even minimal residual ADA and PNP 
activity allowed maturation of the immune system with normal immune function. 


Severe primary or hereditary combined B celland T munodeficiency with ADA deficiency, while varying 


cell immune deficiency is rare, and unless treated 
with bone marrow transfusion (or fetal liver trans- 
plantation) 1s universally and rapidly fatal. Milder 
degrees of combined immune deficiency have been 
described in vanous syndromes, including Nezelof's 
syndrome, ataxia telangiectasia, chronic mucocu- 
taneous candidiasis, short lmbed dwarfism, 
Letterer-Siwe disease, Wiskott-Aldrich syndrome, 
and DiGeorge's syndrome. In most of these condi- 
tions the defect leading to the immune deficiency 1$ 
unknown. À group of patients with severe combined 
immunodeficiency has, however, been described 
who have a congenital deficiency of certain enzymes 
that are part of the purine metabolic cycle. Defi- 
ciency of adenosine deaminase (ADA) has been 
found in at least 20% of cases of the autosomal 
recessive type of severe combined immunodefi- 
ciency, and deficiency of purine nucleoside phos- 
phorylase (PNP) is associated with a selective 
cellular immune deficiency. 

We report an Arab family in which four infants 
died within two months of birth from severe 
infections, particularly pneumonia and diarrhoea, 
which in retrospect could have been due to severe 
immune deficiency. Two infants who had been born 
recently and who had recurrent infections were 
studied and found to have severe combined 1m- 
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degrees of both ADA and PNP deficiencies were 
found in other healthy members of the family 


(figure). 
Case reports 


CASE 1 

A healthy male infant weighing 3000 g was born to 
healthy, unrelated parents. Three siblings, two boys 
and one girl aged 4—9 years, were alive and well, and 





ES Minimal activity 
lb. No activity 





Figure Pedigree of Arab family with combined ADA and 
PNP deficiencies 
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four othecs had died witiin two months of birth of 
severe diarrhoea or pneumonia. The proband was 
examined at 7 days of age ^hen ther were no 
abnormal findings. With:n = few wezks he de- 
veloped a cough, and became cyanased when 
feeding o` crying. At the age cf 1 month zhe parents 
noted hyperpigmented maciles about 1 cm in 
diameter on the skin of Fis legs. groin, and arms. 
They had noticed similar spots on tw» cher infants 
before their deaths, and s3 the infant vas taken to 
the local doctor. The child did not appear to be 
particularly ill, had no rever ar dizrrhoea, although 
he did have mild cough. -tis weight was only 3200 g 
and there were a few rales at zhe bases of both lungs. 
After preliminary laborarcry studies the baby (aged 
6 weeks) was referred tc -he Kap.an Hospital with 
a diagnosis of possible sezzre combined -mmunode- 
ficiency. 

He weighed 4000 g, and apart from a mild 
respiratory tract infection apoeared comparatively 
well. There were several pigmented spots on his 
skin, and according to the parents these Lad become 
larger and more pronounced since birth Histologi- 
cal examination of a biopsy specimen -aken from 
one of the spots was not helpful. His E3emoglobin 
concentration was 150 g/l white cell coun.6-9x 107/, 
and lymphocytes 0-18-0-90:10*/l. Liver function 
studies and concentrations of proteins, electrolytes, 
urea, creatinine, and complement were all within 
normal Lmits An electcocardiograri was normal. 
Serial x rav pictures of the chest showed progressive 
bilateral 5ronchopneumcnia. which did mot respond 
to treatmeat with antibiozics. Wo thymic .hadow was 
seen on .ateral x ray pictures of the mediastinum. 
X ray pictures of the skeletal system showed flaring 
of the ccstochondral jurctians, and chenges at the 
vertebroccstal junctions simzar to thcse found in 
cases of ADA deficienzy.! ^ Examinaion of the 
bone ma-row showed sev2re ymphcperia. Table 1 
gives a summary of the immmunologeal studies. 
There wes severe T cell defici2zacy (an oae occasion 
there were 2% T rosertes, and on another 6%) 
and a developing B cell deficienct. Delayed 
hypersemsitivity skin tests were nega-ve. Severe 
combined immunodeficiency seemed the most 
likely diagnosis, so ıt was decided to treet the infant 
by bone marrow transplaniaticn. H» suddenly 
developed severe respiratory distress, bowever, and 
died within a few weeks witk bilateral oneumonia, 
severe d:arrhoea, liver d'isfuacticn, ard renal farl- 
ure. At necropsy generel:sea jaundize, patent liver 
ducts, and regional consoldation of bott lungs were 
found; tFere was a rudimentary, minute hymus with 
some Hassall's corpuscles on histo.ogica! section and 
small, shotty lymph nodes with diminislred T zones. 

Before death blood Fed been taker. for specific 


lymptocyte enzyme studies but the results were only 
recemzd later. When it become known that the 
infart indeed had deficiency of ADA ın the white 
cells vith low activity in the red cells, estimations of 
AD^ and PNP activity were performed on the rest 
of the immediate family (table 2) using the techni- 
que >> Beutler for ADA,” and that of Kalckar for 
PNP.“ 


CASE. 2 

A sister of case 1, was referred at 13 days of age for 
immz1n?0ological studies because of her family history. 
she weighed 3850 g, did not appear to be ill, 
behaved normally and sucked well. No abnormali- 


Table- Results of immunological studies—Case 1; normal 
value- are given in parentheses 
Test Resuit 
Total ymphocyte count (<10°1) 0-18-0 9 (1 5) 
T cells (rosettes) 2-696 (70%) 


OKT3 (fluorescence activated 


cell sorting) 1, 28% (70%=>1 2) 


OKT (helper cells) 1, 18% (5096 =>0 75) 

OKT3 (suppressor cells) 1, 17% (W%=>0-45) 

B cels (surface membrane 

iractunoglobulin) 10% (10-20%) 

Proliferatrve response of mononuclear cells. 

To »hvtohaemagglutinin Absent 

To -cncanavalin A Absent 
Delayed hypersensitivity skin tests to 

phy-chaemagglutinm, mumps, and 

Carat da Negative 


Examarition of bone marrow aspirate Severe lymphopenia 
Immuaoglobulin concentrations at 6, 8, and 10 weeks of age (g/l) 


IgG 35, 4,3 
IgA «0 2, «0 04, <0 04 
IgM 0 6, 0-95, «0 12 
IgE (at 8 weeks only) <0 03 
Interf:ron production during infections 53 U/ml (normal) 
White cell chemotaxis Normal 
Nitrobl32 tetrazolrum test Normal 
Phagcestosis Normal 
Table 2 Estimations of ADA and PNP activity in the 
blood of the members of the family being studied 
Red cells (mMilsecond/g White cells 
haemoglobin) (mMihour!10? cells) 
ADA PNP ADA PNP 
Mother 04,14 10 0, 30 26 
Father 0 18 7-7 4-6 28 
Son H) 0-57 39 1 97 44 
Son tH) 0 05 11 0 09 8 
Daugnier (AH) 017 94 0 54 8 
Case 1 (MH) 0-2 25 0 42 
Case 2 (FH) 02,0 25, 17 0, 0 12, 13 
Norma. ranges 07-10 20-30 15-9 8-28 


v/ 


ties were found on physical examination and there 
were no pigmented spots. Her haemoglobin con- 
centration was 130 g/l, white cell count 3-2x10?/, 
and the lymphocyte count was only 0-45x107/. 
Immunoglobulin concentrations were within normal 
limits but T cell rosettes were not found. An x ray 
picture of the chest showed muld lung opacities and a 
narrow mediastinum. ADA was absent from the 
patient’s white cells and there was only low activity 
in the red cells. White cell PNP activity was about 
50% of normal (table 2). Repeat investigations 
showed similar results, except that on this occasion 
ADA activity was also absent from the erythrocytes. 
HLA typing of the family was performed and one of 
the brothers was found to be a suitable bone marrow 
donor, although the ADA and PNP activities were 
low in both red and white cells. Arrangements were 
made for urgent bone marrow transplantation but 
the family withdrew consent and the infant died of 
bronchopneumonia. 


Discussion 


ADA and PNP are both enzymes that catalyse 
reactions in the purine catabolic pathway. ADA 
catalyses the conversion of adenosine to inosine, 
and PNP catalyses the conversion of inosine to 
hypoxanthine and of guanosine to guanine. Defi- 
ciency of ADA results in the accumulation of 
deoxyadenosine triphosphate in red and white cells, 
while in PNP deficiency there are raised concen- 
trations of inosine, guanosine, deoxyinosine, and 
deoxyguanosine in the blood and increased secre- 
tion of their metabolites in the urine. Increased 
amounts of these metabolites are toxic to cells, with 
deoxyadenosine triphosphate being somewhat more 
toxic to lymphocytes than deoxyguanosine tri- 
phosphate. The latter has a specific toxic effect on T 
cells rather than B cells, and therefore the immune 
deficiency is usually more extensive if ADA is 
deficient.” The nature of the defect in ADA 
deficiency is still not clear, though it has been 
suggested that there might be a mutation in the gene 
for ADA leading to total deficiency and severe 
combined immunodeficiency, " and genetic hetero- 
geneity leading to partial deficiency.” In PNP 
deficiency the genetic defect is almost certainly in 
the PNP gene locus itself, which 1s situated on the 
long arm of chromosome 147. 

The correlation between ADA deficiency and 
immunodeficiency was first suggested in 1972 by 
Giblett et af and three years later confirmed by 
Meuwissen et al.! It has subsequently been shown 
that ADA deficiency is present in at least 20% of 
cases of the autosomal recessive type of severe 
combined immunodeficiency.’ Several reports have 
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appeared, however, indicating that deficiency of 
ADA can occur without immunodeficiency," " 
though it now seems that in most cases of ADA 
deficiency with no immune deficiency some minimal 
residual ADA activity 1s present in the cells. 
Jenkins et al described a healthy 'Kung boy (a 
member of a black Bushman tribe m southern 
Africa) who had almost negligible amounts of ADA 
in both cells types.’ ? 1° 

Only about 20 patients with PNP deficiency have 
been described (Stoop JW, Zegers BJM, personal 
communication). Symptoms of immune deficiency 
may appear later in life; patients have been de- 
scribed who had normal immune function at birth, 
immunological deterioration occurring by the age of 
2-3 years The clinical picture suggests severely 
impaired T lymphocyte function, whereas B lym- 
phocyte function ts at least in part intact. No bone 
abnormalities have been found on radiography, but 
neurological abnormalities have been described.’ ° 

The first case in this family that we studied had no 
ADA activity in his white cells and diminished 
activity in his red cells, and the clinical picture and 
course were typical of severe combined immuno- 
deficiency The T cell deficiency was extreme, and 
the B cell deficiency became apparent at the age of 
10 weeks. The high concentrations of IgM in the first 
two blood samples were unexpected and may have 
been caused by normal IgM production antenatally 
when theoretically ADA could have been supplied 
by the mother. In the samples of blood taken at 10 
weeks of age IgM was not detected. Because the 
results of the enzyme studies were received after the 
baby's death, no efforts could be made to attempt 
temporary replacement treatment with irradiated 
red blood cells 

Severe combined immunodeficiency with ADA 
deficiency was diagnosed early in the second patient 
who could have benefited from bone marrow trans- 
plantation from her histocompatible brother, but 
further treatment was refused 

The results of the enzyme studies performed on 
the patient’s family were remarkable in many 
respects (table 2). The father had low values of 
ADA and PNP in his red cells, but normal values in 
his white cells. At the time of writing he is leading a 
normal lıfe with no evidence of immune deficiency. 
The mother, also well, had enzyme assays on two 
Occasions; on the first, ADA values in her red cells 
were low and there was no activity in her white cells, 
and on the other occasion ADA activity was within 
normal limits. PNP activity in her red cells was low. 
These discrepancies are hard to explain and some- 
what disturbing The possibility of variations in 
technique because the repeat assays were done 
(albeit with normal controls) on different occasions 
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were corsidered, as was the ccntaminat on of white 
cells by red cells durimg the assay. The latter is 
unlikely 5ecause of the rarmal ADA values ın both 
cell lines and minimal or 2ven moderate contamina- 
tion of cells could not haze caused this increase on 
the second occasion. In eddition, repeatassays done 
simultanzously on the mether and proband 2 
showed gocd reproduability. The scn AH had 
extremely low ADA acüvity and mocerately de- 
creased PNF values in bo-h red and whi e cells. The 
daughter AH also had lcw ADA and PHP values in 
both cel types. The son MH had low ADA 
activities, as well as extremely low PN? activity in 
his red cells. Like their parents, these thee children 
lead normal, healthy lives anc did not seem at the 
ume of writing to have «ny detects of their immune 
systems. Cases 1 and Z had severe ADa deficiency 
in both cell hnes with rormzl PNP values. 

It is difficult to explain the partial ceficiency of 
two enzymes which, as far as we know, are 
unrelated except that they both p.ay part in the 
purine metabolic cycle. It cculd be taat there is 
some primary deficiency at some other >ornt in this 
pathway. ar a deficiency of a control protein for 
both enzymes. We can find n» evicence for either 
hypothe=ts It may be that the deficiency of one is 
secondary to the deficieacy of the other This is not 
likely, a> :n some family members PNP activity was 
normal despite deficient ADA activity, and in 
others koth were defic.ent. 

As fa- as we know rc czse repcrt af combined 
ADA and ?NP deficieacy has been published. It 
seems f-cm our study that even minimal residual 
amounts of ADA and PNP in whie cells are 
sufficient te allow maturation and devzlopment of 
immune: competence in : ome cr all white cells None 
ef the scbjects studied had complete PNP defi- 
ciency, but two infants vh to-al ADA deficiency in 
their white cells developed severe combined 
immuncdeüuciency and died. For sozial reasons 
further investigations Cf th:s family has not been 
possibile 
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SUMMARY Most of the consequences of early intercourse affect the woman and much research 
has focused upon her. As part of a study on teenage pregnancy, where 137 women were inter- 
viewed, 46 men were also interviewed. They were less likely to have had teaching about sex from 
parents and were subject to less parental supervision than the women. Both sexes had had similar 
experience of school sex education. Just under half of the men started having intercourse before 
16 years. Over half of both sexes were initiated by an experienced partner and for 15/25 (60%) of 
the men this was within the first month of a relationship. Most men had had several partners and 
27/99 (2796) of teenage women at least three, most in the context of stable relationships. 'Serial 
monogamy' exposes each partner indirectly to their partners previous partners (with the asso- 
ciated medical risks). Education must help teenagers make decisions about sexual involvement 
that take account of these facts and the implications for their own future health and happiness. 


Early teenage intercourse and pregnancy are associ- 
ated with medical, economic, social, and psycho- 
logical problems. The woman experiences most of 
the consequences of sexual activity and possibly 
because of this and difficulty of interviewing male 
partners, research has tended to focus upon her. 
Over the last 20 years there have been three 
reported surveys in the United Kingdom concerned 
with teenagers’ attitudes to sex and sex education. 
These studies have sampled the general teenage 
population and have not considered the selective 
population of men whose sexual activities may have 
led to a teenage pregnancy. If sex education in its 
widest sense is to be appropriate, the attitudes of 
both men and women to relationships and teaching 
need to be evaluated. 

A study of teenage pregnancy undertaken in a 
health district containing a small city that has a 
stable indigenous and semirural population had 
recently been published.^ This provided data that 
were unbiased by important religious or ethnic 
differences. One hundred and one women pregnant 
before their 18th birthday were interviewed to pro- 
vide information about their family background, 
their relationships with the opposite sex, and the 
knowledge that they had gained from sex education. 
Thirty six primigravidae aged between 20 and 25 
years were also interviewed as a comparison popula- 
tion of young women who had not become pregnant 
in their teens. 


935 


Towards the end of that study, 46 men were also 
interviewed: 16 were partners of pregnant teenagers 
(the ‘study’ group) and 30 were partners of the 
prmigravidae aged between 20 and 25 years (the 
'comparison' group). 

The behavioural and educational aspects of the 
data collected from both the groups of men and 
women in the study were of particular interest. 
Despite the small sample size, we hoped to be able 
to identify important areas of concern for current 
sex education programmes and to provide informa- 
tion for those concerned in the care of teenagers. 
This paper reports the data from the men and 
comparisons of men and women with particular 
reference to educational aspects. 


Subjects and methods 


The men were recruited to the study by their part- 
ners, who were in hospital after either delivery or a 
termination. Initially, many of the men were reluc- 
tant to be interviewed because of embarrassment 
and concern about confidentiality, but only one 
refused to participate. The men whose girlfriends 
were under 18 years and pregnant were difficult to 
find for various reasons. Many girls were no longer 
in contact with their boyfriends and, where they 
were having a termination, their boyfriends often 
did not visit for the 48 hours that they were in hospi- 
tal Sampling of the men was therefore biased by 
their availabihty. 
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All interviews were carri2d cut in private by a 
male doc:cr (WLC), r. hcspital, ustag a similar 
questionnaire to that which had been used for the 
women. Ite questionnaire srovided both codified 
informatier. and data from general ccmments and 
discussion. The detailed questions were concerned 
with fanily background, school tackground, degree 
of parer tal supervision, sex education received from 
home, sctcol, and friends. personal relationships, 
fectors sarrounding first intezcours2, and the 
pregnancy itself Four discussion areas concentrated 
on how tie young man thought sex =ducation in 
school could be improved, ficure expectations, the 
informaurn he wished he aad received, and the 
advice Fe would give to a yoinger sibling or friend. 

Ethical committee apprcval was given for the 
studies 51 Doth men and women. The Y? test was 
used to test differences between the groups. 


Results 


FAMILY INFLUENCE ON RELATIOMSHIFS AND EDUCATION 
The men were much less likely to have aad teaching 
from their parents than the women (table 1); there 
were no Cifferences between tne study end compari- 
son groups. In particular, only a 10th of the men 
could rem2mber discussing the general :opic of rela- 
tionships and under a fifth. contraception. The 
women were also subje-- to a much greater degree 
of parertal supervision and constraint taan the men 
(table 21. Twenty six (£°%" of the young men did 
tell their zarents where they were goinz, but only a 
Guarter had to ask 1f they could zo out, and only a 
third had a specific time by waich to be home. Just 
under a third of the parents stayed up or stayed 
awake wnt their sons had returned, in contrast with 
three quarcers of the parents of the wonen. 


SCHOOL £E= ZDUCATION 

Both the men and women had very similar experi- 
ence of sex education in school. The natare and con- 
tent of tris education. varied considerably from 
scnool to school—for ezamp.e, in one a single sex 


Table 1 Nò (96) of men aad women who hed received sex 
education Aithin the famiry on various. tores 


Men Women 
tn:46) (n= 137) 
Puberty/pere 7 (15) 99 (72)* 
Relationships § (11) 53 (39)* 
Ccatracep-km 8 (17) 56 (41)* 
Sexually t-azerutted diseases 3 (6) 15 (11) 





"Significant cifference between. the sexes, p<0-41 
—Numbe- vith data for thie Juesticn 


Table 2 Extent of parental supervision 


Area of supervision Men Women 
(nz44) — (n—136) 

No (%) who needed permission to 

go zut 10 (23) 98 (72)* 
No (°<) given a time to be home by 16 (36) 106 (78)* 
No (“<) whose parents knew where 

the young person was gomg 26 (59) . 120 (88)* 
No (Sc) given a limit to the number 

of ames allowed out each week 6 (14) 39 (29)* 
No (Sc) whose parents stayed up or 

aweke until they returned home 13 (30) 97 (71)* 


*Sigrrficant difference between the sexes, p 0-05 
n=Number with data for this question 


education lesson was given to a whole year group, 
whil= in another sex education was part of a course 
run over several years. Most schools covered the 
basic biological facts about puberty and reproduc- 
tion and almost half of the men and over half of the 
woren remembered receiving some teaching on 
conttaception and sexually transmitted diseases. 
Onlr a third of both sexes could recall any teaching 
about relationships and only a quarter of women 
and 5% of the men remembered any teaching about 
the subject of parenthood (commonly part of the 
curriculum for less academic girls). 

Sex education was taught in a wide variety of sub- 
ject lessons including biology, physical education, 
religous knowledge, separate sex education, child 
care and PSM (personal, social, moral). Some of 
the soung people reported that teachers found it 
very difficult to give the lessons, and a few reported 
teachers as having to leave the class room because of 
embarrassment. 

Tte young people gave various suggestions as to 
the way they thought sex education in schools could 
be improved: small discussion groups, the teaching 
to be started earlier, and for other professionals to 
come in from outside school to give lessons on 
specalist topics. Several felt that it would be easier 
to sk questions of professionals rather than 
teachers because of teachers’ embarrassment and 
concern about confidentiality. 


INFLUENCE OF FRIENDS 

Tweaty two (49%) of the men said they had learnt 
most about contraception, not from parents or 
schools, but from friends (table 3). This contrasted 
with the women who learnt most from parents and 
school. Women learnt most about relationships 
from discussion with friends, as did a third of the 
men however, half the men said they had learnt 
most for themselves. These men could not focus 
upor one source as the most important influence 


Table 3 Sources of information (figures are No (96)) 
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Topic 

Contraception Relationships Sexually transmitted. diseases 

Men Women Men Women Men Women 

(n=45) (n=132) (n=38) (n=85) (n=46) (n=97) 
Parents 1 (2) 30 (23) 2 (5) 26 (30) 1 (2) 11 (11) 
Friends 22 (49) 30 (23) 15 (39) 43 (51) 16 (35) 11 (11) 
School 14 (31) 41 (31) 2 (5) 6 (7) 18 (39) 61 (63) 
Books 5 (11) 19 (14) ves = 8 (17) 8 (8) 
Themselves — 7 — 19 (50) 11 (13) — — 


n-Number with data for this question. 


and although they said they learnt about relation- 
ships for themselves, it is probable that this covered 
a variety of sources. Most information on sexually 
transmitted diseases was learnt from school, 
although, again, a third of the men gave friends as 
the important source. 

A total of 58 out of 74 (78%) of the teenage 
women and 11 (85%) of the men in the study group 
had the impression that at least half their friends 
were sexually active. Data for the men were only 
available for 13 of the study group. Forty per cent of 
both sexes thought that if people at school had a 
boyfriend or girlfriend then most would be sexually 
experienced by 15 years. 

In an open coded part of the questionnaire, the 
young people were asked what information they 
wished they had received or what information they 
felt was important to pass on to younger siblings or 
friends. A third of the teenage women wanted more 
information on relationships and pressures, and this 
was significantly more than in the study group of 
men (p«0-05). More striking was that significantly 
more men (21/30, 70%) than women (4/36, 1196) in 
comparison group wanted information or would tell 
siblings about the importance of contraception 
(p« 0-001). In the study group the trend was similar 
although it did not reach significance (men, 9/16, 
56%; women, 36/101, 36%). 


RELATIONSHIPS 

Just under half of the men interviewed said they 
started having intercourse at under 16 years of age 
(table 4); this was 1n strong contrast with the com- 
parison group of women, where only seven (19%) 
had first intercourse before this age. Of those 
women pregnant under 18 years, 76 (76%) had 
intercourse before 16 years and 47 out of 72 (6596) 
of these wished they had waited until they were 
older. About one half of the men who started having 
intercourse under the age of 16 felt, 1n retrospect, 
that they had been too young and wished they had 
delayed. 


As expected, the man tended to be older than his 
girlfriend. In four cases, the men did not know 
whether their partner was experienced or not, but 
overall, 25 out of 44 (57%) of the men were initiated 
by women with previous sexual experience. Of the 
25 men who knew their girlfriends were already 
sexually experienced, the expected age relationship 
referred to did not hold true with 5096 of the women 
being older. Of the women in the study group 
37 out of 63 (5996) first had intercourse with an 
experienced boyfriend, and the age relationship 
held true, with only three men younger. 

The length of the relationship before first 1nter- 
course was inversely related to the experience of the 
partner: A total of 15 (60%) of the men who had an 
experienced girlfriend had intercourse within the 
first month, whereas when both partners were 
virgins three quarters waited until they had been 
'going out' for more than one month. Similarly, for 
women at first intercourse, where both partners 
were virgins, only four (17%) had been going out for 
less than three months before intercourse occurred 
and five (2196) less than six months. Where the boy- 
friends were experienced, 18 (49%) of the virgin 
women had intercourse within the first three months 
and eight (2276) within the month. 

Neither the seniority of the partner, nor their own 
age appeared to effect the reason for first inter- 
course; nine out of 44 (20%) of the young men said 


Table 4 Age at first intercourse (figures are No (%)) 








Study group Companson group 

Men Women Men Women 

(n-15) (n—100) (n:329) (n=36) 
< 16 years 7 (47) 76 (76)* 14 (48) 7 (19)* 
» 16 years — 8 (53) 24 (24)* 15 (52) 29 (81)* 





“Significant difference between sexes, p<0 05. 
n-Number with data for this question. 
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it was planned, and the same numter felt pres- 
surised either by their g rlfriznd or by society. Most 
of the 7oung men said first incerzoucse was un- 
planned. and a significant mrority (1426) said this 
was relatec to alcoho.. A third of the teenage 
women aad made a conscious decision to have inter- 
course, and just under a fifth gave pressure as the 
reason but, as with the men, first intercourse was 
unplanned in just under Talf of the cases. 

In beth -he groups >f mzn end wemen in the 
study group, those whc first had intercourse under 
16 year: were less likely to have usec any form of 
contraception on the fi-st occasion or -o have con- 
tinued t» use it (table 5:. In zhe study zroup of men 
under a. thicd had used cont-aception end only one 
continued to do so. Six (7576) of the men in the 
study group who were cver 16 vears at first inter- 
course used contraceptrcn om the first accasion, but 
only foar of them cortinued to do so. Eighteen 
(62%) of the comparison group of men of all ages 
used coatreceptives regularly. Women in the com- 
parison group who started intercoucse under 16 
were significantly more likely than tne men under 16 
(p«0-05) to have usec contraception on the first 
occasiom but were not signKicantly more likely to 
have continued to do so. 


The discrepancy in age in the study of the men 
mad= comparison of the number of partners diffi- 
cult In table 6 the total number of partners is shown 
as the numerator and the number of years sexual 
activity as the denominator for each man. In the 
com=arison group none of those who started having 
intercourse under 16 years had had less than four 
partaers and most had had over 10 Of those who 
star&ed intercourse over 16 years, three had had a 
mopogomous relationship, but again most had had 
several partners. In the study group, two of those 
who started under 16 years had only had one partner 
but -ne rest had had several over a short period of 
time. Two of those who had intercourse over 16 
years had had only one partner. . 

Looking at the total number of partners the 
women in the study group had, only one had had 
morz than 10 partners. Of the 76 who started inter- 
course under 16 years, 40 (53%) had had one 
partier but 23 (30%) had had three or more. 
Exc uding those who had been sexually active for 
morz than two years similar numbers of the study 
group men (50%) and women (38%) had had more 
thar one partner. In the study group the women 
who started to have intercourse under 16 years had 
morz partners than those over 16 years, although 


Table 5 No (96) of sulqects ting contreception at first interceuise and subsequently 




















Men Women 
Study groag Comparison 2roup Study group Comparison. group 
<16 210 «16 216 <16 16 «16 216 
(n=7) f1=8) (n= 14) ín-15) (n—76) (n=24) (n=7) (n=29) 
First 
Occasion 2 (29) £ 75) 7 (48) 11 (73) 35 (46) 15 (62) 6 (86) 24 (83) 
Regularly 1 (14) 4 50) 8 (57) 10 (67) 18 (24) 12 (50) 5 (71) 18 (62) 
a Number with data for ths que:t on 
Table 6 No of partners'o cf years sezual activity in men of both groups 
smdy zroup Companson group 
"r-I«, (nz28) 
Age at first 
intercourse 
<16 11 1/2 133 15/4 9/6 25/6 9/7 
id 64 4/5 12/7 4/8 20/8 10/10 
^5 6/11 7/13 25/13 80/14 
-00/14 40/15 
#16 il yi 3/1 1/1 1/7 1/10 24/5 
41 1 2/2 4/6 6 6/8 6/8 
37 11/8 3/9 10/11 4/12 
3/13 2/14 





n-Number with data for this quesnon 


this did not reach significance. In the comparison 
group half of those who were 16 years or over at first 
intercourse had had a monogamous relationship but 
this was so for only one of the women who started 
intercourse before 16 years. Overall, 16 (44%) of 
the comparison group had three or more partners. 

Twelve pregnant teenage women and their part- 
ners were interviewed and from this one could calcu- 
late the average number of partners each had had 
and, therefore, the number of partners each was 
indirectly exposed to. The men had an average of 
four partners and the women two, thus exposing 
both indirectly to a minimum of eight other people 
at ‘first generation’ contact level. 

A total of 13 (13%) of the women in the study 
group had expenenced a previous pregnancy, most 
by the same partner. Eight (17%) of the men had 
caused a pregnancy in a different partner. 


Discussion 


Considering that puberty begins later in males than 
in females it ıs perhaps surprising to find that just 
under half of the men interviewed had begun sexual 
activity under 16 years, whereas of the women in the 
comparison group only a fifth had done so. A similar 
discrepancy has been observed in earlier studies in 
this country, Schofield in the early 1960s showed 
that 20% of men and 12% of women between 15 and 
19 years were experienced.’ A decade later Farrell 
suggested that 5596 of men and 4696 of women 
between 16 and 19 years had experienced 
intercourse.” Examination of Farrell’s data show 
that 12% of all the women and 31% of all the men 
said they had had first intercourse before 16 years. 
These figures, which are of the same order, but less 
than our own, suggest that the rates of teenage inter- 
course are increasing though pregnancy rates are 
approximately static except perhaps in the youngest 
groups.” 

Studies carried out in the United States, where 
there 1s a greater problem of teenage pregnancy, 
have shown that teenagers tend to have intercourse 
earlier than 1n this country.? Finkel and Finkel in 
their study on 400 male high school students showed 
that the mean age for first intercourse was 14-5 years 
for whites, with black and hispanic males having 
intercourse at 11-6 years and 13-0 years re- 
spectively. This study also showed that 5396 were 
initiated by older women. 

It is commoner in relationships for the man to be 
older than his girlfriend and this is true for most 
relationships in this study. In the men, however, half 
had been out with women who were sexually experi- 
enced and often also older. These men were likely to 
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establish a relationship involving sexual intercourse 
earlier than those who were going out with women 
who were the same age or younger and not expen- 
enced. Within the average relationship—that 1s 
where the man is older—it 1s also apparent that 
women going out with sexually experienced men are 
likely to indulge in sexual intercourse earlier. These 
data confirm the hypothesis that sexually experi- 
enced young people are more likely to initiate subse- 
quent boyfnends or girlfriends into sexual inter- 
course and indicate that many young men who have 
an experienced girlfriend begin to have sexual inter- 
course within the first month of the relationship. 
Previous studies have usually stated that sexual 
intercourse among teenagers is acceptable in the 
context of a stable relationship, although the defini- 
tion of ‘stable relationship’ ıs not usually given. It 
seems unlikely that most people would regard such 
short relationships as we have described above as 
being stable. 

Most of men had had several partners and half of 
the women more than one; this is of importance when 
considering the risk factors for cervical carcinoma 
and sexually transmitted diseases. Most were not 
promiscuous, but had had sex in the context of a 
relationship with a single person while the relation- 
ship lasted—that 1s, serial monogamy. Serial mono- 
gamy, however, exposes each partner indirectly to 
previous partners and even counting the first 
generation contacts the number of exposures 1s 
large. Cervical carcinoma 1s known to be associated 
with age at first intercourse and number of 
partners, * and the incidence of this disease is 
increasing and presenting at a younger age.? Sex- 
ually transmitted diseases are associated with the 
risk of ectopic pregnancy and infertility. In an 
American study on 120 postmenarchal adolescent 
women, 57% of whom were sexually active but had 
no symptoms, Chlamydia trachomatis was identified 
in one in five. Finally, HIV ıs a sexually trans- 
mitted disease that 1s increasing 1n incidence, and 
AIDS, resulting from the infection, can arise in both 
men and women.!! Although homosexual men 
currently make up two thirds of the incidence of the 
epidemic in the western world, the rapid increase in 
this group is slowing and attention has shifted to 
drug users because this appears to be one of the 
main routes of entry into the heterosexual popula- 
tion in addition to bisexual activity. The already 
apparent increase in the population of new cases 
that have arisen as a result of heterosexual contact 
may represent a much larger hidden population of 
people who are positive for HIV. Risks of HIV 
infections may be closely related both to the number 
of actual sexual partners and indirectly to the 
number of partners their partners may have had It 
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is dearly important fror the point of v.ew of reduc- 
ing the incidence of cervical carcinoma and sexually 
tra1smittec disease that rhe number of »artners each 
person aas 1s minimised and education programmes 
are aimed at young peoole »efore the7 have estab- 
listed patterns of sexwal bsLaviour. 

ln bcth studies of m2a ard women most did not 
plan first intercourse, so that even if teenagers know 
about contraception it :s ual kely to de used in a 
situation were they are not 2rpecting intercourse to 
take plec2. The findings that t30se hav-ng first inter- 
course at a later age (>16) and those not recruited 
by a ycung teenage pregnancy (that i:, those from 
the coripazison group, are more like:y to be both 
iniial end continuing users cc contraceptives lends 
weight ic the hvpothesss thar later first intercourse is 
associaced with increased pecscnal responsibility. 

Man -egretted the zoung age at which they first 
had intercourse, realising im retrospect that it had 
been too soon. An eszentizl part of sex education 
must b2 discussion of the urplicatiors of a sexual 
relatiorsuip In beccming sexually experienced 
young people often bel eve they are sir. ply conform- 
ing to the ‘norm’ This 5 supported bs the fact that 
over three quarters of »oth sexes in the study group 
had the impression tha- at [sast half their fnends 
were sexually active. Both mea end wcmen gave the 
imoreszion that they thcught -ust under half of their 
pe2rs vcu.d be sexual" acci~e by 15 years if they 
had a dertner. The im. portart consideration 1s not 
whether tke supposition is cerract. bat rather that 
the pe-ception that their fends are active might 
disectly or indirectly ect as & pressure for them to 
coiform and become sexualy active. 

3ury, in her review of teenage pregnancy. 
suzgested that there has been a chanze in cultural 
attitud2 over the last two decades vith a greater 
acceptence of premarital sex. * She fo.ind it hard to 
quantity the effects of televis or. and zdvertising on 
young peaple’s behavicur. Sae felt, Fowever, ‘that 
the media portrayed sexual intercou-se as accept- 
able n any relaticrenip. and as exciting adult 
behaviour the problems asseciated with sex rarely 
being shown or discussec'. Allem asked the 
teenagers -n her study taeir ooinion or the influence 
of videos and 70% thcught t might have affected 
their <ttitude to relaüons-z ir s.? 

There zppears to be a daal standard with the 
parents’ a-titude towards ther sons and daughters. 
Very w men received teazEing from: either parent 
ard neitaer were they saperv sed to tre same extent 
asthei- sisters. It wouEl apzear chaz parents are con- 
cerned lest their daughters gt into trouble’ but not 
sc much a»out their sens’ sexaal activty and respon- 
sibility. Inazu and Foz. ir. a study frcm the United 
States have shown that where the family discusses 


sex openly with their children they are less likely to 
become sexually experienced at an early age." 

Im this district as 1n others sex education in school 
has had a much higher profile over the last few years 
with both sexes receiving similar education. The 
curriculum varied considerably between schools, 
however, and the usefulness and impact did appear 
to Ee related in part to the person giving the lesson. 
Alt»ough education about relationships and parent- 
hocd has been regarded as increasingly important, 
ver? few remembered teaching on these topics. 
Chiid care and related courses, which discuss child 
development and parenthood in some detail, 
appeared to be largely confined to less academic 
girls. 

Various suggestions have been made as to how 
sex education can be made more effective, these 
have included: embedding sex education in the core 
curiculum so that it is covered in a number of 
different subjects, for example, biology, PSM, 
Enshsh, and therefore studied from a number of 
different angles!^; using a spiral curnculum so that 
the. subject 1s covered in different ways in consecu- 
tive years; and using professionals from outside the 
teaching profession to help schools in this area. 

We have not investigated any of these methods 
forrally, but have made some observations: 


(1) Many of the teaching staff who are required 
to teach sex education have had minimal under- 
graduate or inservice training to equip them in 
this task and some feel extremely uncomfort- 
able to the extent that pupils are aware of this. 
Selection of teachers for this important subject 
should clearly not be based solely on their own 
raain curriculum subject—for example biology 
or physical education. 

(2) Where outside professional staff have been 
involved and have been selected simply on the 
basis that they are the allocated school nurse or 
medica] officer similar problems may arise. 
(3) Some pupils report considerable enthusiasm 
for professional input from outside the school 
staff, and we found that medical facility with 
terminology and familiarity with the problems 
teenagers face appeared helpful. 


We suggest that the teaching of sex education in 
scLools should be taken very much more seriously 
bozh by the teaching, medical, and paramedical pro- 
fessions and that selection to teach this subject 
sheuld be based on ability, willingness, and enthu- 
siæm as for any other curriculum subject, rather 
than by default. 

Ihis study has shown that many young people are 
sezually experienced and that many were initiated 
by an experienced partner who had already had at 


least one previous partner. The study showed that 
most men had had several partners and over a 
quarter of the teenage girls three or more Once 
involved in a sexual relationship it 1s almost certain 
that future relationships will involve intercourse 
with the possible consequences discussed above 
In this study first intercourse had often occurred 
early, before a ‘steady’ relationship had been estab- 
lished. Many of those interviewed wished that they 
had delayed sexual involvement uritil they had been 
older. Education at home and school should there- 
fore emphasise the consequences of a sexual rela- 
tionship and the problems for both partners that can 
result from early intercourse. Education in the 
widest sense must help to reduce peer pressure and 
promote the ways of teaching both sexes in a way 
that enables them to make decisions which are right 
for them and will take full account of all the facts 
and their implications for their own long term future 
happiness and health. It is our hypothesis that such 
an educational intervention might result in a number 
of young people delaying their first experience of 
sexual intercourse and thus reducing a number of 
health risks. There are also a number of sociological 
factors, which have not been discussed in this paper, 
that suggest that such a delay would be beneficial— 
for example, in reducing the nsk of unwanted 
pregnancy with its ensuing social disadvantage. 
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SUMMARY Children irom a nationzl birth cohort livirg in families in which a sibling had died or 
been stillborn were compa-ed with children living in similarly structured families where no such 
tragedy iad occurrec by a number of health, developmental, and behavioural outcomes. 
Surprisinzly little ill efect from a sibling death (occurring either before or after the birth of study 
children} was apparea: at the age 07 5 years. Families experiencing a stillbirth or death of a child 
were scczlly disadvan-aged. Even zllowing for this and other likely intervening factors, however, 
a child whose adjaceat sibling had died was significantly more liable to bronchitis or wheezing 
during the first 5 years. Mothers wEo had experienced the death of a child since the study child's 
birth had high scores zn a psycholozical screening test, and were more likely to be single parents. 
Mothers who had lost a child were more likely to smoke during the next pregnancy. No 
significart differences between cases and control subjects were detected on other health, 


behavioural, or developmental octcomes. 


Stilltarth or death af 2 child app2ars to have little measurable effect on siblings assessed at 5 
years o£ ege. This stud y does not exzlude important longer term psychological effects from sibling 


death. 


Intense pzrental grievirg may follow a stillbirth or 
the death of a child! ^; a mother’s reaction in such 
circumstarces seems tc be as strong as that of a 
newly bzreaved widow." Survivirg children may be 
severely affected by the death cf a sibling, and 
children conceived subsequently have bzen reported 
to be Ra»le to a rage of adverse behaviour, 
including >verprotection. or rejection. ° !? 

` Deatt im childhood is rare in developed societies, 
even perinatal deaths ar» uncommon, aad becoming 
fewer. Fennatal and ch ldhood mortali y, however, 
is higher in socially d'sadvantaged Families?! '*, 
Observa icns in bereaved farulies. including chil- 
dren's reactions, may be »1ased by this tact. None of 
the stucies reporting tLe effects of the death of a 
sibling on a child havz attemp:ed ta control for 
social factors, and ma:t reflect the experience of 
specialisez units that may give unrepresentative 
views cf families’ reacnons. A tota. population 
survey should provide nere generally applicable 
conclusio-s. 

In the p-esent study ofa national cohort of British 
children born in 1970 w2 have assessed the effect of 
sibling death on surviving children. and those 
conceived subsequentl. at the age of 5 years, 
making a:3owances for 1 kely confoundiag social and 
environmental factors 


Subjects and methods 


The Child Health and Educational Study 
(CHzS)? ^ is a continuing longitudinal survey of 
children studied in the neonatal period in the British 
Birtks Survey.” ? The cohort originally included all 
the children born in the United Kingdom during 
5-11 April 1970. In 1975 children born in that week 
and iving in England, Scotland, and Wales were 
traced; 12 743 subjects were studied out of a 
possible 16 015 from the birth survey (79-6976). 
Whea the parents were interviewed at home five 
year: after the original survey health visitors gave 
therm specially designed development and behav- 
iourz] tests and gathered over 500 items of social, 
fami:v, and health data. The study population for 
the present analyses comprised those 12 246 chil- 
dren who were singleton births living with their 
natucal motbers at the time of the five year 
survey. 

From the history, families were identified in 
whica at least one sibling of the study child had been 
stillborn or had died in childhood. Sibling deaths 
occurring before the birth of the study child were 
identified at the interview at birth, and subsequent 
deaths at the five year interview. The information 
was recorded as either stillbirths and deaths in the 
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Table 1 Details of the family stuctures of the study and control groups 








Group 1 Group 2 Group 3 
Sibling death Control Sibling death Control Sibling death Control 
No (%) No (96) No (95) No (%) No (%) No (95) 
No of older 
lve siblings 
0 13 (29) 0 (00) 121 (46 4) 0 (00) 76 (62 3) 2989 (64 4) 
1 143 (32 0) 0 (00) 78 (29-9) 4008 (56 5) 22 (18 0) 1031 (22 2) 
2 117 (26 2) 1804 (58 6) 28 (10 7) 1804 (25 5) 13 (10 7) 364 (7 8) 
3 77 (17 2) 739 (24 0) 20 (7 7) 739 (10 4) 5 (4 1) 144 (3 1) 
4 or morc 97 (21-7) 537 (17 4) 14 (5 4) 537 (7 6) 6 (49) 112 (2 4) 
No of younger 
live siblings 
0 345 (77 2) 2460 (79 9) 140 (53 6) 5437 (76 7) 67 (54 9) 0 (0 0) 
l 86 (19 2) 513 (16 7) 101 (38 7) 1413 (19 9) 48 (39 3) 3952 (85 2) 
2 or morc 16 (3 6) 107 (3 5) 20 (7 7) 238 (3 4) 7 (57) 688 (14 8) 
Total 447 3080 261 7088 122 4640 


first 7 days or deaths after 7 days. Of the sibling 
deaths, 70% occurred in the perinatal penod. 

For comparison, three case and three control 
groups were formed, the control groups with no 
childhood deaths having the family structure that 
would have existed had the sibling not died. Group 1 
comprised 447 families in which an older sibling had 
died before the birth of the study child, with at least 
one intervening living sibling The 3080 control 
families comprised all families with at least two 
children older than the study child and no reported 
sibling death. Group 2 comprised 261 families in 
which the next older sibling to the study child had 
died previously. The 7088 control families had at 
least one child older than the study child Group 3 
comprised 122 families in which the next younger 
sibling to the study child had died. The 4640 control 
families had at least one sibling younger than the 
study child. Data from a fourth group (families with 
one living sibling born after the CHES child, and 
then a sibling death) were not analysed as the 
numbers were too small. 

Details of the groups including the numbers of 
study children and the family structure are shown in 
table 1, the control groups are not mutually exclu- 
sive. The proportions of perinatal and postperinatal 
deaths were similar in all the study groups. Because 
there was no other information available about the 
age of those who died subsequently, the present 
results combine perinatal deaths and those occurring 
later in childhood; study children who experienced a 
stillbirth and those who experienced the death of 
a living sibling were considered together. 

The outcomes listed below were assessed, ? !^ and 


each group of sibling deaths was compared with the 
appropriate control population. (1) Problems with 
excessive crying, feeding difficulties, or disturbances 
of sleep during the first 6 months of life. (2) At least 
one episode of wheezing or bronchitis during the 
first 5 years. (3) The number of admissions to 
hospital during the first 5 years. (4) The number of 
accidents requiring medical advice or treatment. 
(5) The child's height at 5 years (6) An estumate of 
the child's bebaviour by the mother (the Rutter A 
scale). (7) An estimate of her own psychological 
state by the mother (the 24 item malaise inventory). 
The more negative the score, the more depressed, 
miserable, nervous, or worried was the mother. 
(8) An assessment of the child's vocabulary (the 
English picture vocabulary test) (9) An assessment 
of the child's visuomotor coordination skill. 

The variables listed below were collected at the 
birth or 5 year interviews and were used in the 
multivariate analyses (logistic multiway contingency 
table analysis! for the discrete outcomes, 1-4 
above, and analysis of covariance for the scaled 
outcomes, 5-9 above). The number of siblings, birth 
rank, maternal age, the study child's gestational age, 
maternal smoking during the pregnancy of the study 
child, whether or not the natural father lived with 
the family at the time of the 5 year interview, the 
number of household moves during the child's first 5 
years, and the social index (a composite assessment 
of socioeconomic state derived from indices of 
domestic crowding, parental education, tenure of 
accommodation, type of neighbourhood, and 
father’s occupation)? at the study child's fifth 
birthday Where there was missing information on 
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any variatle (always less than 5% and “or most less 
thaa 2%) :ke subject was omitted from that particu- 
lar analvsis thus the fizares in the rezults exclude 
missing valies 


Results 


Tatie 2 shows the diffzceracl rates between case 
and. cort! groups wLere there wers significant 
difference: in the outcomes of the child-en in any of 
tne study groups Study children who hed a younger 
or Cider adjacent sibling who died were more liable 
to lower respiratory symptoms than thoze in families 
in which 20 death had occurred. Early sleeping 
problems occurred more cften in children from 


famiies in which an older sibling (with an inter- 
vermmg living sibling) had died or was stillborn. 
Sleeping problems were no more frequent when it 
was the next older sibling that had died or was 
stilBorn. 

‘Tkere were no significant differences between 
chibiren from families in which a sibling had died 
and caildren from families with similar structure in 
whica no child had died in assessment of behaviour, 
vocabulary, visuomotor coordination, height at 
5 yeers, the likelihood of accidents or admission to 
hos»:tal in early life, and crying or feeding problems 
durrg the first 6 months of life. 

Though each control group reflects the likely 
famsby size and sibling relationships if a death had 
not eccurred in the study group, there are many 


Tab.e2 Percentage rates cf problems or slinesses dunng the first 5 cars of life in which significant differences were found 
between -iD'iug death and control groups Figures in parentheses are those obtained after adjustment for intervening 


varicbles üt. sogistic muluwcy contingency cable analysis 











Gro ! Group 2 Group 3 
Siblir g death Control Sibling caiht Control Sibling death Control 
Sleeping problems 12-8 " 9-6 13 9 112 98 15:5 
in first s menths (13-1 i 97) 
Bronchitis 19-6 185 23 6 i 174 26 4 xi 15 9 
(22 5 NS 18 3) (26 1 "v. 15 6) 
Wheezing 21-4 207 27 | d 19 9 24 2 17 9 
(26 1 ' 19 9) 
Tota. No 447 30-0 7088 122 4640 
"p«C-05, '*p«0 01, *''p«0 (CI, zerzentages exclude those with missirg scsults 
Tabe 3 Fercentage diffecences in social factors between stblinz death and contiol groups 
IW Op Group 2 Group 3 
Şebin? deat Control Siblins death Control Sibling death Control 
Socal index: T cet vt 
Acvanteged 83 258 24 1 351 30 3 36 9 
Avcragc zo 38 | 349 37 5 27 | 35 7 
Di advastaecd -6 | 36.1 41-0 214 42 6 27 4 
Mother smoked 
dung prezmancy £28 514 60 5 one 48 3 54-9 48 9 
No father a: 5 years 94 77 TI 71 14 8 rit 6 6 
Motter aged «20 years 
at study child's birth 0-0 0-4 27 24 19 3 i4 6 
Houszholé woves dunng 
rst 5 yous: 
Ni ERG 533 52-3 49-2 26 4 352 
2 er mere 42 13 8 19 0 16 1 33 | 26-8 
No raaterra. educational 
qu alificactoas 6 b 67-7 68-7 ii 58-4 65 0 54 4 
Tota. No 17 3080 261 7088 122 4640 





"p«C-D5, *"p«0 01, ***p<0 X1 rerzentages exclude those with missirg results 


"s 


Table 4 Standardised scores for maternal malaise 


Mean maternal 
malaise score 


Group 1 
Sibling death Controls 


Unadjusted 
Adjusted 


—0-19 —0 11 
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Group 2 Group 3 

Sibling death Controls Sibling death Controls 

—0 05 —0-00 —0 34 wo 0-003 
—0 26 ** -003 


***p«O 001, **p<0-01, unadjusted results are shown together with those obtained after allowing for intervening factors in an analysis of 
covanance for the one result with a significant difference between cases and controls on the unadjusted results 


other social, environmental, and possibly biological 
influences that should be considered before conclud- 
ing that observed problems do result from an event 
such as a sibling death. Table 3 shows the distribu- 
tion of the various social factors considered for each 
group. Families who experienced the death of a 
child were socioeconomically disadvantaged com- 
pared with their controls. The mothers of children 
with a dead older sibling were less likely to have any 
educational qualifications, and those whose child 
immediately before the study child had died were 
more likely to have smoked during the pregnancy of 
the study child. Families ın which a sibling younger 
than the study child had died were more likely than 
their controls to be without a father figure when the 
study child was 5 years old. 

The results when these possible confounding 
factors were taken into consideration in multivanate 
analyses are shown in parentheses in table 2. The 
marginally significant associations with early sleep- 
ing problems were unaffected, but the signficance of 
the associations with bronchitis and wheezing were 
attenuated. The most important associations with 
lower respiratory symptoms were maternal smoking 
during pregnancy and the social index (p<0-001 
for both, even allowing for possible intervening 
factors). 

The effect of a child’s death on the mother’s 
psychological state assessed by the malaise scale 1s 
shown in table 4, with unadjusted results for the 
sibling death groups and their controls together with 
the results when intervening factors were considered 
in an analysis of covanance. Mothers who had 
recently lost a young child were likely to have high 
scores, significantly different from controls (with 
only slight attenuation after allowing for intervening 
vanables). There was no signficant association 
between maternal malaise score and sibling death in 
groups 1 and 2. 


Discussion 


Several previous studies have investigated children’s 
reactions to the death of a sibling, or the effects on a 
child subsequently born into a family where a child 


has died or been stillborn. These have taken the 
form of assertions based on individual professionals’ 
experiences,’” uncontrolled studies of children 
following the sudden death of a sibling in infancy,° 
or from cancer,? and case reports of children with 
behaviour problems,’ and of adults with psychiatric 
disorders.? 

The present study used data about children from a 
large national cohort who were selected only by 
week of birth—that is, a total population. This 
approach is strengthened by the wide range of 
background social, birth, and health information 
that can be taken into account when estimating the 
effect of the death of a sibling on the health, 
behaviour, and development of the child, and on the 
mother's state of mind. This study set out to look for 
the effects of possible confounding factors on a 
child's reaction to the death of a sibling. Our results 
confirm the strong association between death in 
childhood and socia! disadvantage, and highlight the 
importance of taking such factors into account when 
assessing the effects of death in childhood on 
families. 

The three groups of families with dead siblings 
gave three different viewpoints of the effect of a 
death in childhood. The families in group 3 (where 
the adjacent younger sibling had died) included 
some where the death was a relatively recent event. 
As a group, these families were socially dis- 
advantaged (table 3), the mothers were more likely 
to be unsupported by a father figure in the home 
when the study children were 5 years old, and their 
malaise scores were significantly higher than those 
of mothers in control families. The malaise is not 
wholly explained by social disadvantage, and seems 
likely to reflect the recent death of a child. The only 
other positive finding in this group was a higher 
incidence of bronchitis in the first 5 years. 

In those families in which the next older child bad 
died (group 2), most of the deaths occurred before 
the birth of the study child, the majority in the 
perinatal period Maternal malaise was no longer 
evident, but these famulies were socially dis- 
advantaged (table 3), and the mothers had fewer 
educational qualifications compared with the con- 
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trol groaz. The increas21 rate of mate-nal smoking 
during +e pregnancy o: the study chld when the 
next older sibling had died ts an irome finding. 
Womerrs awareness cf tie adverse effects of smok- 
ing in pregnancy and on the: childrens health was 
probably aot great in 1970. Smoking n pregnancy 
and sociceconomic disadvzrtage are two major 
predisposing factors to bro-chitis and wheezing in 
the firs £ years." !5 Even allowing for these and 
other possible inteven rg variables, Fowever, the 
death o7 a sibling seemed to have made a significant 
contriowt53 in the present analysis The related 
stress 1a “ke family may be an explanation.’ 

Chidre in families where a distant older sibling 
had died : group 1) were no cifferent fom controls 
except thet they had a higher ineicence of sleeping 
problems in the first 5 monchs cf afe. This finding 
was oaN evident in th s grcup; possiEly when she 
was interviewed after a iong interval a mother who 
had experienced a chilc dying might recall sleeping 
problems r her surviving child as a maaifestation of 
her conczrn that that child might also die. 

The zodtrol groups were chosen te reflect the 
family composition that would have exsted had not 
a sibling died. In group 3 the rumbers cf living older 
siblings in the sibling deéth and control groups were 
similar teble 1) suggest:ng “hat family size in both 
the study and contral groups was similar. An 
alternatve set of controls those wita the family 
structure pertaining after the death of z sibling) was 
also exanained; similar resi.ts were obtained to 
those presented in thi. studv. 

The mily composrion of the control groups 
suggests qat families wko lcst childrer did attempt 
to ‘replace’ them. In g-oup 3, in whicn the deaths 
had occar-ed comparatively recently, the family size 
(excludmg the dead sibling) was smalle- than that of 
contrcls icable 1). In group 1, waere the death had 
occurred some years ea-Ber. tne difference in family 
size betveen families where the dezth 3ad occurred 
and coa--ols was much smaller. The common 
absence o father figures in -zrailiss in group 3 where 
a recert death had cccurred suggests that one 
conseqrerce of such ar 2vemt may be he break up 
of the existing parenta! relacionship. Eresumably a 
further "ezationship then dev2.op3, acot. nting for the 
presence of father figure; in the farnilies in groups 1 
and 2. 

Impo-tznt specific negative findings 1n our study 
include the lack of increase rates of early hospital 
admissions, accidents, and management problems 
(crying or feeding in the first 6 month ), as well as 
no obvios effect on the child's growth, develop- 
ment, or behaviour at the aze of 5 years. Our results 
do not support the suggsstion that famries are likely 
to mcv2 apuse after the death of ar infant.? 


There are obvious limitations to our conclusions. 
TheCHES population studied at five years was only 
abont 80% of the possible total from the birth study. 
These not studied at five years were disproportion- 
ally disadvantaged. ' Children with sibling deaths 
in tLese ‘missing’ families may have exhibited more 
effe-ts. 

Fcause of the way the data were collected, we 
wer» unable to exclude possible effects when an 
older child dies such a sibling is likely to have been 
a Icager term companion to the study child and an 
esteolished family member. Only about 30% of the 
sibl ngs died after the age of 7 days arid it is probable 
that most of these would have been 'cot deaths'. 
This it ts likely that most study children would have 
had. only expectant or transitory contact with their 
deal siblings. Many of the dead siblings would have 
diec either without an illness, or after only a brief 
illness; a longer illness might increase the grief 
reaction in siblings. 

Eth stillbirth and death in childhood used to be 
commonplace in this country, and still are in many 
pars of the world. We believe that our findings 
supzort the contention that families usually adapt 
and. adjust to the loss of an infant Our results, 
however, only apply to groups, individual families 
mav be devastated by a child's death. We stress the 
nee] for adequate support for bereaved families 
esp: cially in view of the finding that doctors know 
less remember less, and seem to be able to think 
less about mothers who have delivered a stillborn 
bab-.! The study children might also have had 
grieving reactions that we could not assess, and we 
canot exclude behavioural or psychiatric problems 
late in childhood or ın adult life 

Ye conclude that the stillbirth or death of a new 
bor 1 baby or child has little measurable effect (apart 
from an increased incidence of wheezing and bron- 
chits in those immediately before or next born) on 
the 3ealth, behaviour, growth, and development of ` 
sibl-ngs at the age of 5 in this study population, and 
usirz the variables included in the present analyses. 
We zonfirm the strong association between stillborn 
and. childhood death, and social disadvantage. 

There were measurable early effects on the 
motaer's malaise, an apparent increased likelihood 
of eak up of the existing marriage or relationship, 
an Decreased incidence of maternal smoking during 
the next pregnancy, and eventually the adjustment 
of fzmily size to compensate for the loss The finding 
of zn increase in sleeping problems tn the first 6 
morths probably reflects the bias of intervening 
mapr family events on the mother's memory. The 
ove- all lack of outward effects on the health of other 
siblngs in this study should not discourage pro- 
feseonals from the important task of providing 


appropriate support for parents and families after a 
stillbirth or the death of a child. 
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Failure of intraventricular gammaglobulin and 
a interferon for persistent encephalitis in congenital 


hypozammazlobulinaemia 


D M RO3ERTON,'i I JA-K,t W OSHI, F LAW,1 AND C S HOSKING" 
Departments of 'lmmuwrologzy, *Micrcbiology, and General Paediatrics, Royal Children’s Hospital, 


Melbourae, Victoria, A4actraka 


SUMMARY A boy with corgenital hypogammaglobulinaemia died at the age of 12 years after a 
viral meningoencephalitis oi two and a half years duration due to an untypable picornavirus. He 
had received intravenous immunozlobulin every four weeks from the time of the start of 
immuncglcbulin replacement treatment at the age of 3 years. The encephalitis did not respond to 
higk dose intravenous gammaglobul n (2500 g during 22 months). The virus could not be isolated 
durng -he administration of intraventricular immunoglobulin (38-15 g) and intraventricular 
recomb:rant o interferon (121x10? units), but recurred rapidly each time intraventricular 
treatment was stopped. Further modes of treatment are still required for prevention and 


treetment of this dis>rde-. 


Persisting meningoencephalics, usuall- fatal, has 
been described previous y in patients w.-h hypogam- 
magiobulinaemia This isorder has occurred most 
often in s2x linked agarvymazlobulinaezua, and has 
commorly been due to iafezt on with 2choviruses. 
Other eateroviruses cavse similar infections in sex 
linked agzmmaglobulinzemia, however. and vaccine 
asscciated  pohomyelite| ^ and Coxsackie B3 
meringcencephalitis? have b22n descri»ed In con- 
tras, persisting menir.goencephalitis is rare in late 
cnset primary hypogarmaglobulinaenaa, although 
fatal measles encephalias hzs been reported in an 
adu t wch tuis condition? and ore patient with late 
onset hypogammaglobu inaenna died of meningoen- 
cepaalits due to infection with echovirus 11? 

S-andard intramuscular immuroglobaln replace- 
meat treatment has not prev2ated the development 
of meningoencephalitis In ta2 absence of effective 
entimicpobial agents fcr viruses belcmging to the 
enterovrjs group, treatment has been directed 
towards administration of soscific antibody either 
systemically or directly into the cercral nervous 
sys em. There have beer 1ezorts of apparent remis- 
siom afte: high dose in-rave12us immr noglobulin,? 
infusiors of specific aniibedy containing plasma, 
anc aCmirustration 0^ intcaveatricubBr. immuno- 
glo»ulin.? 

This report describes the use of very high dose 
intravenous immunogloouhi, intraventricular ım- 


musogiobulin, and intraventricular recombinant a 
interferon in a boy with congenital hypogammaglo- 
bulmaemia who developed a viral meningoencepha- 
litis due to an as yet untyped picornavirus. Although 
virts could not be isolated from cerebrospinal fluid 
during intraventricular administration of immuno- 
globulin and recombinant a interferon alone and in 
combination, viral shedding recurred rapidly each 
tme intraventricular treatment was stopped and 
ultimately his infection was fatal. 


Case report 


The patient, a boy born in 1974, had recurrent 
dia-rhoea, several episodes of otitis media associ- 
ated with an aural discharge, and recurrent lower 
respiratory tract infections from the age of 6 
moaths. Immunological assessment at 3 years of age 
shcwed absent tonsils, hypogammaglobulinaemia 
(IgA, IgM, and IgE not detectable, IgG 1-55 g/l) 
anc absent peripheral blood B cells as determined 
by surface membrane immunoglobulin bearing lym- 
phocytes. There were no detectable isohaemaggluti- 
nins in his serum (blood group A) Polymorphonuc- 
lea: cell metabolic function was normal, as were his 
peripheral blood lymphocyte responses to phyto- 
haemagglutinin, pokeweed mitogen, concanavalin A, 
and allogeneic cells. Peripheral blood T lymphocyte 
numbers as determined by sheep red cell rosettes 
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were 59%. There was no family history of affected 
males among maternal relatives. 

Treatment with intravenous immunoglobulin was 
started at the time of diagnosis and he received 4-5 
ml/kg of a 6% preparation (240—300 mg/kg) (Com- 
monwealth Serum Laboratories) at intervals of four 
weeks. He remained ın excellent health during the 
next five years. The median serum IgG concentra- 
tion immediately before immunoglobulin infusions 
during his eighth year of life was 2-78 g/l. 

At 81^ years of age he had an illness during which 
he had vomitng and occasional headaches for 
10 days. At 9 years his mother noted a slight 
mood change; at 914 years he developed horizontal 
nystagmus. Cerebrospinal fluid was examined 
and showed a raised protein concentration 
and a mild leucocytosis. A picornavirus was 
isolated on culture of the cerebrospinal fluid but was 
not detected in faeces. 

The nystagmus persisted and he developed 
bilateral sensorineural deafness necessitating 
the use of hearing aids. Psychometric assess- 
ments showed defects in short term auditory mem- 
ory, a discrepancy between verbal and performance 
scores by the Wechsler Intelligence Scale for Chil- 
dren, and reduced immediate visual memory. At 10 
years of age he developed spontaneous bilateral 
subdural effusions which were drained. 


eta 


Viral isolation 





After viral isolation from the initial sample of 
cerebrospinal fluid at 9% years, he started high dose 
intravenous immunoglobulin treatment (figure). For 
22 months he received 200 ml of intravenous immuno- 
globulin two times a week (1 g/kg/week). The ım- 
munoglobulin used had neutralising antibody activity 
against 30 TCDs, (30 times the tissue culture dilution 
50% end point) of the virus ranging from 1:8 to 1:32. 
Serum from family members was tested against his 
viral isolates and his father’s serum was shown to have 
a neutralising titre of 1:32. Plasma was obtained from 
his father on two occasions by plasmapheresis, and the 
patient received 100 ml of plasma by intravenous 
infusion each week for two five week treatment 
periods. Transfer factor was prepared from his 
father’s lymphocytes and was given weekly in con- 
junction with the plasma infusions. 

Virus was not recovered from lumbar samples 
of cerebrospinal fluid taken during the six months 
after initial viral isolation, but was detected again 
in it three weeks after his last plasma infusion. 
Serum from 300 blood donors chosen at random was 
screened for neutralising antibodies to the virus 
isolated. The 11 donors with titres of >1:16 had 
plasmapheresis performed. An IgG preparation 
manufactured from this plasma pool was given into 
his left lateral cerebral ventricle through a Rickham 
reservoir. The IgG had neutralising antibody activ- 
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Figure Viral isolation, intrathecal treatment, and serum and cerebrospinal fluid IgG concentrations tn the patient over the 
three years before death. Closed circles represent samples of cerebrospinal fluid from which virus was isolated, open circles 


represent samples from which virus was not recovered 
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ity against 10 TCD of the sius of a hitre of 71:160. 
and was ziven twice weekl- for 10 weeks. The total 
dose admiastered dunmg the 10 weeE treatment 
period was 6 g of IgG. Virus recovery from 
ventricular cerebrospine! “lid stoppec after four 
weeks of treatment, but -eccrred four weeks after 
stopping the intraventric1 ar :reatmem. 

Recom timant a interfercn was donated by Roche 
Products Froprietary Ltd, ard caused a three log 
reductiom i1 viral plaque f.rnration in in-vitro assays 
using the virus isolated rem the péhert’s cerebro- 
spinal fluc. He mitially received 58x 0? units of 
recombinent a interferon ty the ventricular reservoir. 
This was given over a 10 eek period. wı h injections 
being given three times aeek’y for nine weeks, and 
daily in ecnyunction with 240 mg of intraventricular 
immunoglctulin for six days during the 10th week. 
Virus was no longer dezected in vencricular cer- 
ebrospina. fluid after tuo weeks of treatment but 
was reisolzted two weeks zfter it was stopped. 

Intraveniucular Sandoz cEulin was Jhen started 
and was g-ven daily for -wo weeks: th» total dose 
administz-2d was 9-75 g. ur ng the last five days of 
this treatment the patient was also given.3x10? umts 
of recombinant a inte-feron daily by the in- 
traventricilar route. V rus could not be isolated 
from the ventricular cerzorospinal flu d 24 hours 
after the scert of treatrert but was resolated two 
weeks atter it was stopped. 

Intravenous immunoglo»uin administration was 
decreased zo 200 ml weedy ir July 1985 at the age of 
11 years He became move lethargic, but continued 
to atterd school. He recerved furth-r daily in- 
traventr:cilar recombinan: a interfercn and daily 
intraventricular Sandogictulm for three weeks, the 
total doses administered w2re 48x 10° units and 21 g 
respectively. Virus isola323 stopped within 48 hours 
of starting treatment but Hs ventricular cerebrospi- 
nal fluic yielded virus zgan two week: after treat- 
ment was stopped. His avstagmus worsened, he 
developed. a transien- hemiparesis and para- 
esthesiae, became ataxic acd lethargic, and then 
developed urinary retentica and faecal inconti- 
nence. cmrvulsions occurred. all active treatment 
was stopped and he died «t tke age of 12 years. 


Discussbu 


The features in this parent of hypogammaglobuli- 
naemia azd a slowly progressive menirgoencephali- 
tis characterised by semscrineural deafness, de- 
terioratcm in higher cerebral functien, subdural 
effusiors, transient herz paz2sis and paraesthesiae, 
and convulsions are siriar to those described by 
others. Most such patients have been shown to be 
infectec with echovirases of varying serotypes, 


although viral isolation has been difficult in some 
patients. The patient reported here did not have an 
assoc.ated dermatomyositis like illness. 

The virus isolated from his cerebrospinal fluid was 
characterised as a picornavirus on the basis of its 
appearance on electron microscopy, resistance to 
ether, and the nature of the cytopathic effect on 
primary monkey kidney cells and in diploid human 
fibroblasts. An unusual feature was its inability to 
grow in HeLa cells. The virus, however, was not 
able to be typed as being one of the common 
echovirus strains. Even at low infective doses of 10 
to 30 TCDs the virus was not neutralised by 
antisera to all common echoviruses, to Coxsackie 
B1-B6 or to polioviruses. Antisera to Coxsackie A 
viruses were not available but the inability to grow 
first passage virus in suckling mice suggest it 1s 
unlikely that the virus belongs to this group. 

Growth of the virus in continuous monkey kidney 
cells of the MA-104 line produced two discrete 
plaque sizes of 1-2 mm and 5-6 mm. Sublines of 
virus from representative plaque isolates were tested 
with the above antisera but no neutralisation oc- 
curred. Rabbit antisera raised to each of the sublines 
reacted equally well with the heterologous subline, 
but neither antiserum neutralised stock cultures of 
available enteroviruses. It is likely that the vana- 
tions ın plaque size represent genetic variation in a 
single strain rather than the presence of two 
sepa-ate viruses These points are being investigated 
further. 

Three recent reports have described at least 
temporary resolution of symptoms, and cessation of 
viral isolation, after varying routes of administration 
of relatively high antibody titre immunoglobulin or 
plasma preparations to infected patients with prim- 
ary hypogammaglobulinaemia * "^? Prentice et al 
have reported an adult male with sex linked hypo- 
gammaglobulinaemia and central nervous system 
infection with echovirus type 3 who improved 
clinically while receiving second weekly infusions of 
plasma, the plasma having a neutralising titre 
against his echovirus of 1:64 and 1:128 when tested 
on two different occasions.’ A further adult patient 
with X linked agammaglobulinaemia and echovirus 
11 meningoencephalitis had prolonged remission of 
his disease after treatment with high dose in- 
travenous immunoglobulin. Viral shedding re- 
curred when the immunoglobulin was stopped. His 
condition improved with further intravenous im- 
munoglobulin but recurred when the immunoglobu- 
lin infusions were extended from three weekly to 
four weekly intervals.” Remission was achieved by 
giving 300 mg of immunoglobulin per kilogram 
every three weeks and was then maintained until the 
time of reporting two and a half years later. 
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Recently Erlendsson et al reported their treat- 
ment of a boy with X linked hypogammaglobuli- 
naemia with meningoencephalitis from whom echo- 
virus type 5 was isolated at the age of 3 years.* He 
failed to respond to intravenous immunoglobulin 
with a titre of antibody to echovirus 5 of 1:32 given 
at weekly intervals, but when 138 mg of immunoglo- 
bulin was given directly into his cerebral ventricles 
over five days the virus could not be cultured for two 
months. After reappearance of the virus in his 
cerebrospinal fluid he received a further 5-6 g of 
intraventricular immunoglobulin and be has re- 
mained well. The same report described a 12 year 
old girl with echovirus 25 encephalitis treated in 
similar fashion who had not had virus cultured trom 
her cerebrospinal fluid during the next 16 months. 

There have been several reports of unsuccessful 
treatment with specific antibodies and with in- 
traventricular immunoglobulin. Plasma infusions 
containing specific antibody have been unsuccessful 
or only partly successful in at least four patients!07 ^; 
hyperimmune sheep serum with antibody to echo- 
virus 3 failed to eradicate the virus!^; and in- 
traventricular immunoglobulin treatment was un- 
successful in two patients.” " In one of the patients 
failing to respond to intraventricular immunoglobu- 
lin, the virus was no longer isolated from ventricular 
fluid after treatment but treatment had no effect on 
the patient’s progressive course.) The second 
patient received a total of 12-6 g of Sandoglobulin in 
two courses of intraventricular treatment, but echo- 
virus 11 continued to be tsolated from the cerebro- 
spinal fluid. 

The patient described in this report received a 
total of 38-15 g of intraventricular immunoglobulin 
in four courses of treatment, 1 g being given daily 
for 21 consecutive days on one occasion. The 
immunoglobulin administered came from two geo- 
graphically different donor pools, and on each 
occasion virus recovery from cerebrospinal fluid 
stopped during administration but recurred within 
weeks of stopping the treatment. He had also 
received 2500 g of intravenous immunoglobulin 
dunng 22 months of treatment, without apparent 
effect on the clinical course of his meningoencepha- 
litis. Thus even extremely high dose treatment with 
immunoglobulin preparations may be unsuccessful 
in this condition. 

Exogenous interferon may be expected to be 
beneficial in chronic viral disorders by limiting 
cellular viral replication and preventing infection of 
uninfected cells. In addition, recombinant human 
leucocyte interferon has been shown to augment 
natural killer cell activity as well as antibody 
dependent cellular cytotoxicity and monocyte 
cytotoxicity! 7 Systemically administered inter- 


feron 1s prevented by the blood-cerebrospinal fluid 
barrier from reaching the central nervous system !? 
Several investigators have given interferon intrathe- 
cally to small numbers of patients with neonatal 
herpes, multiple sclerosis, or intracranial malignan- 
cies, either by the lumbar route? ? or by an 
intraventricular reservoir. Adminstration has in 
general been well tolerated, although without speci- 
fic success ın the disorders treated The use of 
intrathecal interferon in the treatment of menin- 
goencephalitis associated with hypogammaglo- 
bulinaemia has not been reported previously. 

The patient reported here received a total of 
121x10? units of recombinant a interferon in three 
courses. An initial subcutaneous test dose of 5000 
units was given without apparent adverse reaction; 
this was followed by intraventricular test doses of 
2500 units, 25 000 units, and 250 000 units. During 
the first course of treatment the interferon was 
increased to 2x 10? units three times weekly, during 
the third course he received 3x10 units daily into 
the cerebral ventricles for 16 days. The only side 
effect noted was progressively increasing drowsiness 
during each course of treatment, which resolved 
within one or two days of its completion. 

As with the intraventricular immunoglobulin, 
virus recovery from ventricular cerebrospinal fluid 
stopped soon after the start of treatment, but 
recurred within weeks of it stopping. The period of 
viral eradication was no greater when immunoglo- 
bulin and interferon were used in combination than 
when immunoglobulin was used alone 

The failure of these two forms of treatment in this 
patient accentuate the need for the development of 
further antiviral agents effective against the picorna- 
virus group of agents before successful treatment of 
this type of infection can be assured ın patients with 
hypogammaglobulinaema. Some such agents may 
become available: benzimidazole derivatives have 
been shown to inhibit multiplication of picorna- 
viruses,?! and more recently an arildone derivative, 
WIN 51711, has been shown to have antipicorna- 
virus activity.” It is possible that such agents may 
also have a degree of synergy with interferon (D 
Tyrell, personal communication). In the absence of 
effective antiviral chemotherapy, hypogamma- 
globulinaemic patients who do not respond to 
intraventricular immunoglobulin treatment may 
deserve consideration as candidates for bone mar- 
row transplantation in an attempt to provide an 
adequate immune response to the infecting agent. 
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IgG antibodies to Aspergillus fumigatus in cystic 
fibrosis: a laboratory correlate of disease activity 
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Departments of * Paediatrics and YImmunology, Flinders University of South Australia, Flinders Medical 
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SUMMARY Serum was collected from 50 patients with cystic fibrosis, and IgG antibodies to 
Aspergillus fumigatus were measured by enzyme linked immunosorbent assay (ELISA). In 
addition, total IgE and Aspergillus specific IgE antibodies were measured in 41 of the 50. A close 
association was found between pulmonary function and clinical state, and IgG antibodies to 
Aspergillus. There was no association between pulmonary function or clinical state and IgE 
antibodies. 

It is postulated that in patients with cystic fibrosis, Aspergillus fumigatus may contribute to 
deterioration in pulmonary function by local pathogenicity, or by hypersensitivity mechanisms 


mediated by IgG. 


Pulmonary disease 1s the major cause of morbidity 
and mortality among patients with cystic fibrosis. 
Little is known about pulmonary mucosal defence 
mechanisms, even in the healthy adult. IgG ıs 
known to be the predominant pulmonary immuno- 
globulin ın both adults! and children,? and IgA is 
more important in the upper airway. IgG is an 
efficient fixer of complement, so there is the 
potential ın the lower respiratory tract for IgG 
hypersensitivity mechanisms to occur if there is 
immune dysregulation. The most important cause of 
progressive pulmonary disease in cystic fibrosis is 
likely to be chrome infection with Pseudomonas 
aeruginosa.? Two studies, however, have shown that 
children with cystic fibrosis and low concentrations 
of serum IgG had better lung function and general 
health than age matched children with cystic fibrosis 
and normal IgG concentrations.^? Overall, patients 
with cystic fibrosis have higher serum IgG and IgM 
concentrations than control subjects.Ó It has also 
been shown that high titres of precipitating anti- 
bodies to P aeruginosa in patients with cystic 
fibrosis may be harmful rather than protective." * 
Circulating immune complexes are common in cystic 
fibrosis, and are associated with acute respiratory 
exacerbations and deteriorating pulmonary func- 
tion.” These features suggest that hypersensitivity 
mechanisms and increased inflammatory activity 
may participate in the pulmonary damage Indeed 
the results of a trial of prednisolone given on 


alternate days to patients with cystic fibrosis sug- 
gested that there was an appreciable delay in 
deterioration of lung function tests and fewer 
hospital admissions in the group treated with 
prednisolone. '? 

The frequency with which Aspergillus precipitins 
are detected in patients with cystic fibrosis varies 
from 30% to 6095,37 and their number often 
parallels the severity of pulmonary disease." 
A fumigatus is a ubiquitous fungus, and all lungs are 
constantly exposed to it. Allergic aspergillosis has 
been reported in up to 1196 of patients with cystic 
fibrosis, ^ but ıs rare in normal subjects. This 
suggests that patients with cystic fibrosis have an 
abnormal response to Aspergillus, and that there 
may be important abnormalities in mucosal regula- 
tion and defence in patients with cystic fibrosis. 
Unfortunately precipitation in gels 1s an insensitive, 
albeit specific, method for the detection of circu- 
lating Aspergillus antibody. In addition, it is quali- 
tative, not quantitative. 

Our aim was to characterise more fully the 
response to Aspergillus in patients with cystic 
fibrosis, and to relate the findings to their general 
health and pulmonary function. An ELISA for the 
detection of serum IgG antibodies to A fumigatus 
that had been developed in our laboratory was 
therefore applied to the serum of patients with cystic 
fibrosis. This ELISA gives quantitative results with 
high sensitivity. ; 
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Patients and methods 


Serum for assay of IgG antibody to A farnigatus was 
collected xom 50 patierts with cystic fibrosis as part 
of their rcutine annual Hood mcnitoriag. A few of 
the patients had serum -ollected durirg an admis- 
sion to bospita! because of exacerbation of their 
pulmonar” disease. Their ages ranged f-om 2:5 to 29 
years. Forty one patients also aad tctal IgE and 
Aspergillus specific IgE measured. As sputum cul- 
ture for Aspergdlus is somewhat unrehable, it was 
not perzormed. Serum was also collected from 40 
age matcbed patients wr h mild, episocic asthma to 
serve es controls. There were instfficient age 
matched patients with broncaiectasis who did not 
have cystic fibrosis to ect as controls. 

For tae Aspergillus IgG E_ISA, the Aspergillus 
antigen v as prepared frem a commercially available 
supply (Aspergillus soratic antigen, Mercia Bro- 
cades) The Aspergül.; anugen wa. diluted to 
25 ug/ml in sodium caroonate buffer, 5H 9-6. Fifty 
microlitres of the dilutec arctiger was dded to a 96 
well, rourd bottomed, polystyrene, microtitre plate 
and leftat 4°C overnigEt. There were e ght dilutions 
of each serum starting zt 1/15 and dilutmg three fold 
trom then on—-hat is, 445, 1135, 1/4C5, and so on. 
These diutions were performed in triplicate in 
phosphatz buffered salme (PBSI containing 0-05% 
Tween 20 and 0-25% bovize serum albumin (PBS- 
T-BSA . This was adced to the antigen coated 
3lates anc :ncubated fcr ore hotr at 3 7C, followed 
Dy two hvurs at 4°C. Flates were ther washed five 
times with PBS-T, and 100 pl of alkaline phospha- 
tase lade led antihuman IgG (DAK) added to 
each wel! and incubated for 16 hours zt 4°C. Plates 
were wasned five times in PBS-T and 100 ul of a 
1 mg/ml solution of p-nitrophenyl phosphate in 
diethano. amine buffer. pH 9-8, added to each well. 
After 3) rmutes at 377 the reaction was stopped 
by addm= 2detic acid tc a final zonceatration of 40 
mM. Abscrbance wes measured at 4)5 nm on an 
autometiz ELISA plate reader (Dynatech MR600), 
and grepls were drawn for eack serum. The serum 
titre was calculated by -nterpolation cf the graphs, 
and exp-essed as the serum cilutior yielding an 
optical density of 0-4. ELISA units were calculated 
by refezeace to a knowr positive reference included 
in eack ran. This consisted of a pool 5f seven high 
titre sem samples in zIiquots stored at —80°C. One 
aliquot was removed and run with cach test. 

Using the result frcr1 the reference aliquot, an 
ELISA value was giver fcr each sample using the 
following formula: titre of test serum = 1000/titre of 
refererce serum=ELI5A units. The reference 
samples were arbitrarily assigned a value of 1000 
units, and each test sample was compared with this 


val-e. The interassay coefficient of variation for this 
ELISA is 23%, and the intra-assay variation 10-496. 
To:1l serum IgE was measured with the Phadezym 
IgE PRIST, and Aspergillus specific IgE antibodies 
we measured with Phadezym RAST 60 
(Phzrmacia Diagnostics AB). 

Except for seven patients who were too young, all 
had pulmonary function tests performed; these were 
dote with the patient standing. Maximum expira- 
tor flow volume curves were obtained with an 
OHIO 842 spirometer and the curves were displayed 
on & E:ewlett-Packard 7041 A X-Y recorder. Forced 
vital capacity (FVC), forced expiratory volume in 
on= second (FEV;), and forced expiratory flow 
mezsured between 25% and 75% of the expired 
vital capacity (FEF 5.75), were derived from the 
cume. At least three curves were performed for 
eac subject. The results were expressed as a 
pe-zentage of expected value for height 

‘Lhe general health of the patients was assessed 
usmcg the Shwachman score, a four way appraisal of 
heaith covering general activity, physical examina- 
tior, nutrition, and chest radiograph. ' 

-earson correlation coefficients were computed 
frcm linear regression analyses. Significance was 
assessed by reference to standard tables. 


Rexilts 


AL control subjects had undetectable IgG specific 
an-bodies to A fumigatus 

verall, 70% of the patients with cystic fibrosis 
ha- measureable IgG antibodies to Aspergillus. All 
pa- ents older than 12 years had measurable IgG 
an- bodies (fig. 1). No patient younger than 4 years 
ha- detectable antibodies. There was a progressive 
ris= in antibody titres with increasing age (r—0-57, 
p«.-001). The three patients who died from their 





Fig 1 


IgG antibodies to Aspergillus (ELISA units) and 
age, r=0-57 p«0-001 Some values are concentric. 
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disease during the study had IgG antibody titres of 
250, 978, and 1198 units. 

There was a close correlation between the Asper- 
gulus IgG value and the Shwachman score (fig 2). 
As the Shwachman score deteriorated the Aspergil- 
lus IgG value increased (r=—0-79, p<0-001). All 
patients with Shwachman scores of less than 70 had 
detectable antibodies. There was also a close cor- 
relation between increasing Aspergillus IgG values 
and deteriorating pulmonary function (figs 3-5). 
FEV, and FEE; 75 as % of predicted values showed 
similar results (r=—0-67 and —0-68, p<0-001). With 
increasing Aspergillus IgG values there was a fall in 
FVC (r=-0-61, p«0-001). All patients with 
FEE; 75 less than 68%, FEV, less than 75%, FVC 
less than 60% of predicted values, had detectable 
Aspergillus IgG antibodies. 
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IgG antibodies to Aspergillus 





Shwachman score 


Fig2 IgG antibodies to Aspergillus (ELISA unus) and 
Shwachman score; r2 —0-79, p<0-001 Some values are 
concentric. 
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Fig3 IgG antibodies to Aspergillus (ELISA units) and 
FEV), r=—0-68, p<0-001. Some values are concentric. 
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Fig4 IgG antibodies to Aspergillus (ELISA units) and 
FEF 25-75. r=—0 67, p<0-001. Some values are 
concentric 
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Fig5 IgG annbodies to Aspergillus (ELISA units) and 
FVC. r=—0-61, p«0-001. Some values are concentric 
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There was no correlation between Aspergillus IgG 
antibody titres and either Aspergillus IgE titres or 
total IgE. Nine of 47 patients tested (1975) had 
detectable IgE antibodies to Aspergillus, and 10 of 
4] (2496) had raised total IgE concentrations. 


Discussion 


A fumigatus 1s present in air, soil, animals, plants, 
and water. It has even been reported in 9076 of 
commercial packages of macaroni, spaghetti, and 
similar pasta products / The isolation of Aspergillus 
in sputum is therefore difficult to interpret Air- 
borne Aspergillus can lodge on sputum as ıt is 
expectorated or during culture making the assess- 
ment of colonisation or infection difficult. Hence, 
serological evidence of Aspergillus 1s more specific. 
This fungus can, after inhalation, produce different 
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patterns of respiratory t-ect infection saprophytic 
bronchopulmonary aspergillosis (cc‘onisation), 
aspergillcma (mycetoma o7 fungus ball), 1ypersensi- 
tivity induced _aspergillos s, and invasive pulmonary 
aspergillcs.s ! 

Our fiading of IgG anribcdres to As»ergillus in 
70% of patients with cystic tibrosis is zhe highest 
repo-ted. That the antibody ttre rises with increas- 
ing age, failing Shwackman score, and falling 
respxato-y function vali2s, indicates the import- 
ance: of the fungus in paients with cystic fibrosis. 
Rusirg Aspergillus IgG valus with aze indicate 
progressively more exposure to the fungus, or a 
progresswe2ly aberrant ix muae reponse. The high 
serum [gi values in those patients ın a poor clinical 
state (low Shwachman score) presumab.y reflects a 
high antizen load presenced to the systemic immune 
system, »ossibly becauss of inefficient removal of 
antigen from diseased, b-onchiectatic lumgs. That no 
chilc younger than 4 yea-s had detectable antibodies 
might s.ggest that app-eciable anatomucal or im- 
murological airway disease becomes established 
afte- thet aze 

Tae c_osest correlation with the Aspergillus IgG 
value wes the Shwachmaa szore, a measurement of 
general health If the seventy cf lung disease was the 
measurement most inflLencigg the devslopment of 
IgG antioodies, we migFt have exoectec the correla- 
tion between the anti»ody atre and. respiratory 
function. results to have been close- than that 
between antibody tir» and Shwaccman score. 
Limatations in the ELISA or the respiratory function 
test ng, 57 tae influence of other aspecis of pulmon- 
ary disease may have influenced tks result In 
addatior, the degree >f oronchiectasis, mucus 
plugging, and narrowing of small airwa's is variable 
in those dying from crstic fibrasis.'? 

There 1s evidence that mgh precipitating anti- 
bocies against P aeruginosa may be -mportant in 
exacerbating pulmonar disease through inflamma- 
tor" mechanisms.^" We found high ttres of IgG 
ant bod es to Aspergillrs, pzrticularly n those with 
moze severe disease Rzisec IgG antibody titres in 
those w tn more severe zasease may sir-ply be due to 
colonisstion of damaged lung. Another possibility 1s 
tha: the hgh antibocy titres migh- lead to an 
increase in the amount of inf.ammation in diseased 
lungs—tor example, throuzh immune complexes 
and coriplement activation—cortribut ng to further 
damage.” 

Invasive aspergillosis is lethal and requires speci- 
fic antrtngal chemotherapy. Pulmonary invasion 1s 
sail to occur because of decreased host defences, 
pa-ticu arly in neutropenic and leczaemia, with 
colonisation only occurring in the presence of 
chronic lung disease." There is some evidence of 


decrezsed systemic immunity in cystic fibrosis,” and 
littlec& known about respiratory mucosal defence. In 
addi-ion, invasive pulmonary aspergillosis has been 
reported recently in patients, who were neither 
imm.nocompromised nor neutropenic.^ We have 
estab-shed that there is a vigorous response to 
Aspergillus, particularly in those with more severe 
disez-e. It s important therefore to ensure that some 
degrze of localised pulmonary invasion by Aspergil- 
lus + not occurring [ate in the course of their 
disease. 

H -persensitivity induced aspergillosis has been 
repcited in 11% of patients with cystic fibrosis. '^ 
Tha’ 19% of our patients had positive RAST scores 
to A.pergillus suggests that a sizeable subgroup of 
patieats with cystic fibrosis may have abnormal 
immane regulation to this fungus, particularly at the 
respiratory mucosal surface. As there was no 
corrz ation between pulmonary function and Asper- 
gills specific IgE antibodies, however, it is unlikely 
that mechanisms mediated by IgE are important in 
most of these patients. Further studies on respira- 
tory mucosal defence and the influence of Aspergu- 
lus œa lung disease ın patients with cystic fibrosis are 
nee=ed In particular, pharmacological measures 
aim=d at reducing colonisation by A fumigatus and 
hypersensitivity mechanisms, allied to respiratory 
funccion testing, might be considered. 

I3 summary, we have described a sensitive 
method for the detection of IgG antibodies to 
Aspergillus Patients with cystic fibrosis have high 
IgG antibody titres to Aspergillus that parallel 
procession of the disease. What contribution 1f any 
the “ungus makes to pulmonary disease, and what 
corünbution the high IgG antibodies and inflam- 
ma-cry mechanisms make, remain to be established. 
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C reactive protein concentrations in cystic fibrosis 


R E MORZTON AND 2 R KENNEDY 


Departmen: of Child Health, Southampton General Hospital, Southampton 


SUMMARY Serum concentrations of C reactive protein were measured in a cross sectional study 
of 35 patients with cystic fibrosis amd correlated with clinical and radiological assessments. C 
reacive protein concertration was highly correlated with the Shwachman clinical evaluation 
score, farced vital capacity as a perceatage of the predicted value, and the Chrispin-Norman x ray 
score. C reactive protem may be a vseful objective index of severity of disease in patients with 


cystic fibrosis. 


C reactiv2 protein is an acute phase prctein whose 
concentretion in the serim mses as much as 1000 
fold during the acute pLase response.- A raised 
concentration of serum C reactive prctem is un- 
ecuirocal =vidence of zr. active tissue damaging 
process end is related bath to the severity of the 
tssuc inwy and to tae type of in lammatory 
stimulus. For example, large increases occur fre- 
quently in 2acterial but rct in viral infections.? > Its 
potential clinical usefulress hed been explored in 
neonatal meningitis, sep-icaemia, postooerative in- 
fections, shunt infections. pye-onephnts, rheuma- 
toid arthn-is, and Crohm's disease. ^ It has also 
been advocated as a scrzerurg <est fcr bacterial 
infections. .n febrile chiliren.? We report here on 
serum C reactive protein -oncentrations in patients 
with cyst c fibrosis and consider its potential use as 
an imdex af the severity of the disease 


Patients and methods 


C reactive protein concea-rations were measured in 
patients with cystic fibrosis and healthy children in a 
cross sectional] study over a fouz month period. Fifty 
healthy afebrile children (age range 0-03-16-1 years, 
med-an: € 7 years) who were unde-going day 
surgery ‘circumcision, 2.ght; hermorraaphy, 10; 
orch dop2xy, seven; urethroscopy, three; cysto- 
scop/, fouz; anal stretck, two; others, 16) were 
studied to zstablish a refz-ence range fo- C reactive 
protein. A blooc sample was taken preoperatively 
efter induction of anaesthesia and C reactive protein 
was measured quantatively bv an enzyme linked im- 
munosoroent assay (ELISA). 

Thirty six patients wita cystic fibrosis were asses- 
sed durirg zither a routine outpatient clinic appoint- 
men: or an admission to hosoual. Each patient was 
assezsed clinically using: (1) Shwachman clinical 


evaluation score, which is comprised of four cate- 
gories. general activity, physical examination 
generel nutrition, and chest radiography findings. 
A maximum score of 100 points 1s possible and 
decreases as the disease worsens. (2) Chrispin- 
Norman x ray score in which the chest radiograph is 
divided into four zones each of which is scored 
according to the type of shadows visible on x ray.? 
Chest configuration is also assessed. Score increases 
as the disease worsens to a maximum of 38 points. 

If chest radiography of the patient was not 
clinically indicated at the time of the clinic visit, the 
most recent chest radiograph taken within six 
months was scored in order to avoid additional 
exposure of patients to radiation. 

Resoiratory function tests: the forced expiratory 
volume in one second and forced vital capacity, 
were performed on all patients over 6 years of age 
using a portable Vitalograph machine (a single 
breath wedge bellows spirometer, serial no M3799) 
and expressed as a percentage of the predicted value 
for age and sex. Peripheral blood was taken for 
measurement of C reactive protein, white cell count 
(measured in an electronic Coulter counter), and 
measurement of the erythrocyte sedimentation rate 
by the Westergren method. 

Spearman’s rank correlation was used to deter- 
mine the statistical relation between C reactive 
protein on the one hand and Shwachman score, 
Chrispin-Norman x ray score, forced expiratory 
volume in one second, forced vital capacity, white 
cell count, and erythrocyte sedimentation rate on 
the other. 


Results 


The serum C reactive protem concentrations in 
healthy children ranged from 0-01—2-8 mg/l. Neither 
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these values nor their corresponding logarithms 
were normally distributed so the upper 95% confi- 
dence limit, 1-875 mg/l, was used as the upper limit 
of the normal range. 

C reactive protein concentrations in patients with 
cystic fibrosis ranged from 0-01-304 mg/l, and 
concentrations were above the normal range for 
healthy children in 30 of 52 samples (20 of 36 
patients). Considering only the first specimen taken 
from each patient, there were high correlation 
coefficients between C reactive protein on the one 
hand and Shwachman score (rz -—0-77; p<0-001) 
(fig 1), Chrispin-Norman x ray score (r=0-68, 
p«0-001) and forced vital capacity as percentage of 
predicted (r=—0-781; p«0-01) on the other. C 
reactive protein was less closely correlated with 
forced expiratory volume in one second as percen- 
tage of predicted (r=0-54). Low correlations were 
seen between indices of seventy of the disease and 
either white cell count or erythrocyte sedimentation 
rate. The highest of these was seen between the 
Shwachman score on the one band and white cell 
count (rz-—0-57) and erythrocyte sedimentation 
rate (r«—0-35) on the other. 

Although this was not a longitudinal study, five or 
more serial measurements were made in two pa- 
tients during the course of respiratory exacerbations 
(fig 2). In patient 1, bacterial infection was initially 
controlled with antibiotic treatment. A period of 
subsequent clinical stability was then followed by 
further exacerbation leading to terminal deteriora- 
tion. Patient 2 had an initial clinical response to 
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Fig] Log serum C reactive protein concentration (mg/l) 
plotted against Shwachman score in 52 samples from 
patients with cystic fibrosis. Y —Sample taken during an 
acute exacerbation of a respiratory infection The upper 
95% confidence limit for serum C reactive protein concen- 
tration in healthy children ts indicated by a dotted line. 
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Fig2 Serum C reactive protein concentration (mg/l) in two 
patients with cystic fibrosis. The upper 95% limit for serum 
C reactive protein concentration in healthy children is 
indicated by a dotted line Numbers adjacent to plotted 
points represent simultaneous Shwachman scores 
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antibiotics but required prolonged antibiotic treat- 
ment and physiotherapy before returning to his 
baseline level of respiratory function at the time of 
clinic review. 

In both patients, bacterial respiratory infections 
were accompanied by an increase in C reactive 
protein concentration and subsequent fall with 
antibiotic treatment (fig 2). 


Discussion 


Cystic fibrosis is a condition m which there is 
progressive bronchopulmonary damage caused by 
recurrent respiratory infection of which serum C 
reactive protein concentrations, as yet unreported in 
these patients, might provide a useful measure. 
Raised serum concentrations of C reactive protein 
were seen in 20 of 36 patients with cystic fibrosis in 
this study including all 25 samples from patients with 
a Shwachman score of 66 or less. A raised concen- 
tration of C reactive protein identified this group 
with a sensitivity of 100% and specificity of 78%. 
Typically a patient with a score of 66 would ‘tire 
easily after exertion, have a daily cough, respira- 
tions would be slightly elevated, weight and height 
between 3rd and 10th percentile and the stools 
abnormal'.? 

There were highly significant correlations be- 
tween the serum C reactive protein concentration 
and both the Shwachman score and the forced vital 
capacity as a percentage of predicted. As a good 
correlation between forced vital capacity and clinical 
and radiological state has previously been shown,’ a 
rising C reactive protein appears to be a simple 
objective index of worsening clinical condition. By 
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contrast, vute cell count amd erythrccyte sedi- 
mentatior rate were not useful in this resect in this 
study. Tte rank correlaton between Z reactive 
protein and. the Chrispin-Norran x ray score was 
also high and significant even thouga it may have 
been artiinally reduced by :he use oz the most 
recent chest radiograph rzther -han ome teken on the 
same day. 

As patents with mild symo-:oms hac abnormal 
concentrations of C react Xe protein we suggest that 
the serum concentration:. may be usad as an early 
marker of deterioratior in patiencs "with cystic 
fibrosis whe are not yet severely affected A high 
serum C reactive proteir concentration may signal 
the need for more aggressive treatmert. Further- 
more, our limited exper ence of seria. measure- 
ments ir cystic fibrosis suggests tha- a raised 
concentration of C reaccive protein thet 1s out of 
proporticn to other measures of prozression of the 
disease is l-zely to represent a Dacterial exacerbation 
(fig 2). The decline tn concertrations ot C reactive 
protein after antibiotic treatment may te useful in 
monitoring response to t-eatrent in patients with 
cystic fibrosis in whom this is clinically difficult.^* 
Serum C reactive proteim mezsurement aas already 
been shown to be usefuli1 monitoriag tie response 
tc antibiCtuc treatment ir immuncsuppressed 


childze.5 Our results suggest that routine measure- 
ment of C reactive protein in cystic fibrosis may be 
usef.l and merits longitudinal study. 


We thaak Drs CJ Rolles, GM Lewis, and MJ Simpkiss for their 
permr.son to study their patients and Dr F Stevenson for 
super icing the ELISA measurements of C reactive protein 
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Clinical outcome of fetal uropathy 


B A MADARIKAN," C HAYWARD,t G M ROBERTS,t AND J LARI' 
" Regional Centre for Paediatric Surgery, and ? Department of Diagnostic Radiology, University Hospital of 


Wales, Cardiff 


SUMMARY ‘Thirty seven infants (27 boys and 10 girls) whose uropathy had been diagnosed 
antenatally were reviewed at a mean age of 24-4 months. Antenatal ultrasonography was found 
to be an accurate detector of renal disease, as uropathy was subsequently confirmed in 33 of the 
37 infants (89%). A smaller proportion of patients required operations than in other series 
reported. Shortly after birth the kidney undergoes physiological adjustments and investigation 
may be carried out too soon. It should be delayed, especially if the infant is well. The timing of 
postnatal ultrasonography is important and the advice of a paediatric urologist should be sought 


before investigations are carried out. 


More fetal anomalies are being discovered as a 
result of routine antenatal ultrasonography. The 
normal urinary tract can be seen as early as the 
fifteenth week of gestation, and up to 9575 of fetal 
kidneys can be identified by the twenty second 
week.! In recently published series the reported 
incidence of fetal uropathy diagnosed by antenatal 
ultrasonography was between 0-14% and 0-399577 
The management of uropathy diagnosed ante- 
nataly remains a matter of debate; in the series 
reported there has been a variable but high 
incidence of surgical intervention (46-8096). 3 


Patients and methods 


Over a six year period (1981—7) 37 infants (27 boys 
and 10 girls) in whom an antenatal diagnosis of 
uropathy was made were referred to this centre, 
which serves south and mid Wales. During the first 
two years of the study only one infant was referred; 
the referral rate at the time of writing had increased 
to one infant every three weeks, which represents 
about 0-1% of live births. This is almost certainly an 
underestimate because antenatal ultrasonography ts 
not routinely performed in the whole of our 
catchment area. 

In all the infants the diagnosis was made ın the 
third trimester when ultrasonography was per- 
formed for obstetnc indications. One infant was 
delivered at 38 weeks’ gestation by emergency 
caesarean section performed for fetal distress; all 
other infants were delivered normally. 

The infants were referred after postnatal ultraso- 
nography. Some of them had had other investiga- 


tions including intravenous urography, isotope re- 
nography, or micturating cystourethrography, per- 
formed before referral. Postnatal ultrasonography 
was performed at this centre using a real time 
mechanical sector scanner (Technicare Autosector 
MCU) with a 5 or 7-5 MHz transducer. 


Results 


The 37 infants can be divided into two groups 
according to the antenatal diagnosis—unilateral 
uropathy (n=25) and bilateral uropathy (n=12) 
(tables 1 and 2). Ohgohydramnios was not reported 
on any of the scans. 

In 33 infants the presence of uropathy was 
confirmed, in two there was a non-renal lesion that 
had produced confusing ultrasonographic signs (un- 
lateral suprarenal haematoma in one infant and 
duodenal diaphragm in the other), and in only two 
infants was there no lesion. An accurate diagnosis 
was therefore made in 89% of cases. Thirteen of the 
33 infants required operations 

Pyeloplasty was indicated in three of the 15 
infants with obstruction of the pelviureteric junc- 
tion. There was objective evidence of deterioration 
(unremitting gross hydronephrosis and worsening 
differential function on isotope renography). Opera- 
tions were performed at a mean age of 16-7 months. 
Improving function was the indication for continued 
conservative management in the other 12 infants. 

Of the seven infants with obstruction. of the 
vesicoureteric junction two required reimplantation 
of the ureters, one underwent reimplantation and 
contralateral removal of a cystic dysplastic kidney 
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Table 1 ?ostatal diagnoses ans treatment ur25 patients 
in whom antenatal ultrasonog-aphity had showr unuateral 
uropathy 


Postnatal cacgnosis Ho Nc needing 
operation 
Unilateral obstruction of 
pelviuretenc junction 71 Pyzloplasty (2) 


Bilateral diplez kidneys, 
unilatera. hydronephrotic uprer 
moiety, and ureterocele 1 
Unilateral duplex kidney wrth 


U eteroplasty (11 


dilated lower moicty 1 Nane 
Bilateral vesiccureteric. reflux 1 Nene 
Unilateral oostzuction. of 

vesicourcteric Junction z None 
Bilateral cbstruction of 

vesicourctane junction 1 None 
Cystic dys»lasia € N=phrectomy (6) 
Normal kidncys and duodena. 

diaphragr j None 
Normal krdneys and unilaterzl 

adrenal hacmatoma I None 


Table2 Postnatal diagnosz: anz treaiment iz 12 patients in 
whom an-ena:'al ultrasonog-cphy had shown Luateral 
uropathy 


Postnatal ‘liagmosis No No needing operation 


Bilateral ebstriction. of 
pelviureteric junction 4 
Bilateral vexicoureteric reflux. | 


Bilateral wkstraction of 
vesicoumererk junction 3 


Un:lateral 5yeloplasty (1) 
None 


Bilateral reimplantation of 

ureters (1) 

Unuateral nephrectomy 
and reimplantation of 
ureter (3) 


Cystic dysp.astic kidney wrh 1 
contraleteral obstruction ot 
vesicoure-eric junction 


Bilateral areterocoeles 1 Bilateral wetenc 
meatotomy (1) 
Normal k:dnevs 2 None 


at the aze of 2 months. ind the other aad bilateral 
reimplantation of the ureters ct the age of 6 months. 
Function improved in :he remaining five patients. 
Both patieats with bikateral vesicoursteric reflux 
were treated conservatively. Nephrectcmy was per- 
formed in seven patients with cyste dysplastic 
kidneys at a mean agc of 1) months. 

At th» time of writing all 57 patients are well and 
thriving at a mean age “of 22-4 months (range 5-90 
months). 


Discussion 


In the presence of norm zl volumes of amniotic fluid, 
renal and pulmonary function is usvally normal, 
whereas in the presence cf oligohycramnios. the 
»rognozis is poor ? Because renal dysolasia is well 


M 


advamced by the time of the first ultrasound scan 
(wh. ch 1s usually performed at 12-16 weeks’ gesta- 
tiom) the argument for treatment by antenatal 
drammge is untenable. The role of antenatal 
drameage is still a matter for debate, but it may have 
a rcie in the management of infravesical obstruction 
in the presence of a normal volume of amniotic 
fluid 

Ihe fetus with bilateral hydronephrosis who 
prezents with oligohydramnios before the twentieth 
weck of „gestation is likely to have poor renal 
function ? 

Fi ateral hydronephrosis ın the presence of a 
norral volume of amniotic fluid should be followed 
up by serial ultrasonography for the remainder of 
the sregnancy. It may be appropriate to induce 
laboar early if there seems to be progressive 
det2—oration of fetal renal function (which remains 
difficult to assess). The volume of amniotic fluid 
provides an indirect assessment of fetal renal 
furzaen. 

M-asurement of the fetal transverse thoracic 
diareter provides evidence of impaired renal and 
pulmonary function.!! The fetal bladder volume can 
be measured after administration of intravenous 
frusemide to the mother (frusemide stimulation 
tes-). ^ 

N3 action 1s necessary for a unilateral lesion and a 
norrial contralateral kidney Pelvicalyceal dilatation 
may be transient and subsequent postnatal inves- 
tigations may be entirely normal. 

“ne natural history of obstruction to the pel- 

ursteric and vesicoureteric junctions is unknown, 
and investigation showed continuing improvement 
and regression of abnormal signs in most cases; early 
opzration is only indicated in a few. Careful follow 
up enables us to justify our conservative policy. 

Ir the series reported by Smith et al, 12 of 15 
patients (80%) required operations for uropathy 
within the first year of life. In that reported by 
Thon et al, 16 of 35 patients (46%) required 
op2-ations during infancy.’ Turnock et al reported 
20 of 29 patients (69%) who required operations, 14 
of tiem during the first month of life. Of our 33 
paiznts only 13 (39%) have required operations 
over a longer period (to a mean age of 25-6 months). 

Tne kidneys start to excrete urine by the tenth 
week of gestation but fluid balance is primarily 
resulated by the placenta. Immediately after birth 
the neonate is comparatively dehydrated because of 
a reduced intake of fluid and inability to concentrate 
urre. Lowered perfusion pressure and high vascular 
resistance result in a low glomerular filtration rate. 
In the first 12 hours of hfe the glomerular filtration 
race is approximately 15% of the adult, and doubles 
to 30% by the age of two weeks. The lowered 
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glomerular filtration rate and comparative dehydra- 
tion may result in diminished filling of a dilated 
pelvicalyceal system. Ultrasonography performed 
within a few hours of birth may therefore fail to 
confirm the antenatal diagnosis of pelvicalyceal 
dilatation P For this reason postnatal ultrasonogra- 
phy should be delayed until the neonate 1s at least 24 
hours of age. As a result of the lowered glomerular 
filtration rate, intravenous urography and isotope 
renography performed within a few days of birth are 
often unsatisfactory and of little diagnostic help. 

Antenatal ultrasonography is a good detector of 
uropathy but is comparatively bad at providing the 
exact diagnosis of specific lesions. Operation 1s 
indicated in only a few of these infants, and 
appropriate postnatal investigation enables them to 
be identified. We believe that the infants in this 
study would not have presented at birth 1f antenatal 
ultrasonography had not been performed. Antena- 
tal ultrasonography seems to have been most 
beneficial to two groups, infants with obstructive 
lesions who required operations and infants with 
vesicoureteric reflux. In both groups postnatal renal 
damage was minimised because the uropathy had 
been identified by antenatal ultrasonography result- 
ing in appropriate postnatal investigation and man- 
agement. 

We recommend that all cases of infravesical 
obstruction be discussed with a paediatric urologist 
when the antenatal diagnosis is made and certainly 
before delivery. Others should have postnatal scans 
after the age of 24 hours and should then be 
referred. 


We thank the paediatncians who referred their patients and the 
radiologists who performed thc initial investigations 
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Technical editor’s note 


From January 1989 results and measurements in the 
Archives of Disease in Childhood will be given in SI 
units only. Would contributors please ensure that all 
results in manuscripts, tables, and figures submitted 
from now on are in SI units otherwise publication 
may be delayed. Exceptions to this are: 

(a) Blood pressure in mm Hg; 

(b) Ventilation pressure in cm H3O; 

(c) Concentration of drugs; 

(d) Concentration of any substance where the 

molecular weight is not known accurately. 

No old units or conversion factors should be 
submitted in manuscripts: conversion ış the 
responsibility solely of the author. 
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Short reports 


Inner city tuberculosis and immunisation policy 


D B CUMDAIL^ AND S B FEARSONT 


' Departrent of Paediatr and Child Fealth, St James's University Hospital and {The Chest Clinic, Leeds 


SUMMARY Asian childrer, 2xcluding recently ar- 
rived iunrrgrants, had a similar iacidence of 
tuberculose to white child-er :n Leeds trom 1982-6. 
Chi.drem hving in the urban priority area were 2-6 
times m»-2 likely to develop tuberculoss than those 
living. elsewhere. Selection for infart BCG 1m- 
muaisation should nor depend on ethnic group 
alone. 


The tuberculosis notifization rate 13. E283 for chil- 
dren born imn the United Kingdom was 29 per 
10C 000 for children of 'rdian ethnic engin and 50 
per 10C 0)0 for those æ Pzkistani or Bangladeshi 
onwin.! Itis the practice «n Leeds, as in other British 
citiss, "c offer BCG immmnnisztion 70 infants of 
Asan cr:3zin. All childrer vath tuberculosis, and all 
these rece:ving antituberculous chemoprophylaxis 
from 1932-6 were studied -o determine the 
epxiemio agical patterm cf t2 disezse in relation to 
current immunisation policy. 


Methocs 


Case notes were exaummmed for all children from 
Lezds metropolitan dstnct (tota. population 
710 000) aged 14 years cr less who stared treatment 
for act. ve tuberculosis >: received artituberculous 
chemoorophylaxis after ccntact with tuberculosis 
during the five year per cd January 1532 to Decem- 
ber 1936. Records werz obtained frem the Leeds 
chest cliric and local hospitals Notiffations to the 


medical officer (environmental health) and patients 
identified by hospital activity analysis were traced to 
ensure that no cases had been missed. 

Children who were new immigrants, including 
one Bangladeshi boy with active disease and seven 
receiving chemoprophylaxis (six of whom were from 
the Indian subcontinent), were excluded from the 
study. All children included in the study had either 
been born in the United Kingdom or resident in the 
country for two years or more. 

Population figures were obtained from estimates 
for 1985^ which take account of projections from the 
1981 census, the 1977-8 national dwelling and 
housing survey, and the 1981 labourforce survey. 
The proportion of the population aged 0-14 years 
was estimated as 34% of people originating from the 
Indian subcontinent, 2696 from the other ethnic 
groups, and 1876 of the white population, based on 
local 1981 census figures and a previous national 
study.! The urban priority area (total population 
200 000) includes the inner city and most of the 
poorer housing estates. It contains 60% of sup- 
plementary benefit claimants, 60% of the unem- 
ployed, 7576 of the ethnic minority population, but 
only 28% of the total city population 


Results 


A total of 38 active cases and 35 children who were 
given chemoprophylaxis against tuberculosis were 
studied. The demographic characteristics of children 
included in the study are summarised in table 1. The 
numbers of active and chemoprophylaxis cases 


Table - Demographic ckcracterisucs of children (excluding recently arnved immigrants) with active tuberculosis or 
receiving antituberculous <her-cprcphylaes in Leeds 1982-6 


No cf Sz Age (%) in years 
child-er MIF 
0+ 5-9 
Active -ucerculoss 38 18/20 | 15 240) 13 (34) 
CkEemorrooLylaxis 35 21/14 14 140) 10 (29) 
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Ethnic origin 
10—14 White Indian sub- Afro- Vietnamese 
continent Caribbean 
10 (26) 33 2 2 1 


11 (31) 31 4 = Ex 
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Table2 Number of cases of childhood tuberculosis, child population (aged 0—14 years), and mean annual rates by place of 
residence and ethnic origin in Leeds 1982-6. Figures in bold type refer to active cases, others to children receiving chemo- 


prophylaxis 
Place of residence 
Urban pnonty 
aiea 
Ethnic group 
Indian 1/4900 
subcontinent 4/4900 
Other non-white” 3/3600 
073600 
White 16/31 500 
20/31 500 
Totals 20/40 000 
24/40 000 
Annual rate per 100 000 10 0 
12 0 


"Two Afro-Caribbean, one Vietnamese 


classified by ethnic group and place of residence, 
child population estimates, and calculated annual 
rates for tuberculosis are shown 1n table 2. Children 
with active disease whose families originated from 
the Indian subcontinent had a similar rate (6-2) 
compared with white children (5-5 per 100 000). 
Children living in the urban priority area had a rate 
2-6 times higher than those living elsewhere ın the 
city (10 compared with 3-9 per 100 000). 

Twenty three (60%) of the active cases presented 
to the chest clinic as contacts of known cases of 
tuberculosis. Twenty of these contacts had asymp- 
tomatic primary lung infections, two had a slight 
cough, and one had a pleural effusion. Of the 
remaining 15 active cases, one was referred to the 
chest clinic because of symptoms suggestive of 
tuberculosis and one presented to a paediatric clinic 
with erythema nodosum. The other 13 cases were 
diagnosed after admission to a paediatric ward: six 
had pulmonary disease, three had tuberculous 
lymph nodes, one had both pulmonary and cervical 
node disease, one had miliary spread and tuberculous 
meningitis, one had Pott’s disease, and one had 
tuberculous peritonitis. 

None of the 21 children with primary complexes 
and only one of the three children with tuberculous 
lymph nodes were from ethnic minorities. Of the 11 
children with more advanced disease, four (three 
pulmonary and one Pott’s disease) were from ethnic 
minorities. 

None of the active cases had received BCG 
immunisation. Twenty seven had been Heaf tested 
before diagnosis Nineteen had a response of grade 


Totals Annual rate 
per 100 000 
Non-urban 
prionty area 
1/1600 2/6500 62 
0/1600 4/6500 12 3 
0/1300 3/4900 122 
01300 (4900 0 
17/89 600 33/121 100 55 
11/89 600 3V/121 109 51 
18/92 500 38/132 500 
11/92 500 35/132 500 
39 57 
24 535 


three or more, and of the eight with a grade two 
response, six were under 5 years of age. Nine 
children had been Mantoux tested and all showed a 
positive response except for a one year old with 
miliary disease who showed a negative response to 
1 in 1000 tuberculin. In two children there was no 
record of a tuberculin test, one had positive sputum 
microscopy, and the other had typical lymph node 
histology 

Five of the children receiving chemoprophylaxis 
had been tmmunised with BCG, two were infants, 
and the other three were aged 10, 12, and 13 years. 
Both infants were not Heaf tested, their mothers 
had sputum positive pulmonary tuberculosis. The 
remaining 33 children receiving chemoprophylaxis 
all had a Heaf test result of grade two or more. 


Discussion 


Leeds chest clinic provides a diagnostic and thera- 
peutic service for contacts, new immigrants, and 
those with suspected or proven tuberculosis. Asian 
infants and those with a family history of tuberculo- 
sis are referred by their health visitors to the chest 
clinic for BCG immunisation by the age of 8 weeks. 
The uptake of this service is 86%. BCG immunisa- 
tion 1s offered in school to all Heaf negative children 
aged 13 years In 1986, 12% of Leeds 13 year olds 
had positive Heaf tests, 81% received BCG, and 7% 
did not (P Ainsworth, personal communication). 
Since January 1982, children receiving antituber- 
culous chemoprophylaxis have not been notified and 
have been recorded separately from those with 
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active tuderculosis. We have studied al. active cases 
and all :hose receiving cherioprophyiaxis for the 
subsequent five years after exc.uding recently 
arrived immigrants. Tao anportant conclusions 
emerge. 

F-rst, altEough the tctal mumter of active cases 
was smell, aone had b2en immunised. with BCG. 
Second, there were very few children from ethnic 
minorities with active disease and tae rate for 
children whose families origmated from the Indian 
subcontinent was similar to zhat for waite children 
(tatle 2°. The rate for Asian children is zonsiderably 
lower tian those repcrted in the 1983 national 
survey! end this is likely to be due partly to a 
decrease in the numbers of aew immuizrants, partly 
to :he _mproved living stamdards of some Asian 
communities, but also to the protecrve effect of 
BCG immunisation of Asian anfaats. Neonatal BCG 
immunisation has beer shewn to givz children an 
estimated protection aga nst iuberculos s of between 
6425? and 7595. 

The results of this stud" require zonfirmation 
trom oker urban cen res. whose ettnic minority 
corimuxties may have d fferent socioeconomic 
cheract2ristics. In Blacxburn for example, 89% of 
notifiec childhood tubercu!csis was among Asians.’ 
One pcssible source o? bias in our study was that 
stime mirority children may have been under- 
represented in the dete-:ed czses oz tuterculosis due 
to ess gcod use of the heal-E services. some support 
for this possibility is provided by the fact that four of 
the 11 more advancec cases came from an ethnic 
minority, but the numbers are tco small to make 
deznite conclusions. 

2over;y, as shown Dy residence wthin a desig- 


nated urban priority area, was a better indicator 
than ethnic group of the risk of tuberculosis (table 
2). Selection of infants for BCG immunisation by 
ethnic group or by family history, while ensuring 
adequate protection for the immunised, has resulted 
in a small number of cases occurring in unimmu- 
nised children, usually from poorer sections of the 
city. Any form of selective policy has its problems. It 
may be wiser to immunise all babies on the postnatal 
wards, as 1s the practice 1n some hospitals," particu- 
larly because of the expected increase in the 
prevalence of adult tuberculosis associated with 
AIDS. 


We thank the clinicians involved for permission to study children 
under their care 
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SUMMARY Four infans wer2 szen ca six separate 
occasions with febrile illnesses associated with a 
bulging anterior fontauelle and irritabdity. They had 
signs of a transient form of intracranial hyperten- 
sion. 


The irritable infant who resents vith a bulging 
fcntarelle and fever riiy bave meningitis. We have 
recently seen four infants because of a bulging 


fontanelle and irritability, associated with poor 
feeding and fever. None of them had otitis media, 
menungitis, or an intracranial space occupying lesion 
and their signs settled within a few days. 


CASE 1 

A previously healthy 8 month old girl presented with 
a 24 hour history of vomiting and fretfulness. 
Examination showed an irritable, febrile infant with 
a head circumferance of 46-0 cm (75th centile), 
diastasis of cranial sutures, and a bulging anterior 


fontanelle. There was no otitis media or focal signs 
of infection. 

A computed tomogram showed mild communicat- 
ing hydrocephalus, and lumbar puncture showed a 
raised opening pressure of 40 cm cerebrospinal 
fluid. She improved rapidly after lumbar puncture 
and was discharged home after 48 hours. Four days 
later she was readmitted with similar physical signs 
and a repeat computed tomogram was identical to 
the first one. Daily lumbar punctures were started 
and her symptoms resolved in two days. 


CASE 2 

A 5 month old boy was admitted to hospital with a 
three day history of fever, irritability, and vomiting 
His parents had noticed his antenor fontanelle 
bulging for 24 hours. He had been born at 33 weeks’ 
gestation and had had no neonatal problems. The 
head circumference at birth was on the 50th centile 
and his bead growth was normal up to 3 months of 
age. 

Examination showed an alert, mildly feverish 
infant whose head circumference was 45-0 cm (97th 
centile). The fontanelle was tense and bulging, 
nevertheless there was no suture separation. A 
cerebral ultrasound scan was normal. 

He settled over two days and was discharged 
home, but readmitted three weeks later with a 
bulging fontanelle. His head circumference had 
increased to 46-1 cm. Because of concern about a 
possible space occupying lesion a computed tomo- 
gram was performed, which showed mild communi- 
cating hydrocephalus. His signs of raised intracra- 
nial pressure settled spontaneously over three days. 


CASE 3 
A 6 month old boy presented with a 12 hour history 
of fever and bulging of his fontanelle, both of which 
had been noticed by his parents. He had been born 
at term and had had birth asphyxia requinng 
intubation for seven minutes but he had made an 
uneventful recovery. Follow up over the next three 
months showed normal growth and development. 

His temperature was 38-8°C and he was irntable 
on handling with episodes of screaming. His fon- 
tanelle was tense and bulging and his head cir- 
cumference was 43-0 cm (25th centile). There were 
no focal signs of infection. Examination of his 
cerebrospinal fluid and a cerebral ultrasound scan 
were normal. 

His fontanelle slackened promptly after lumbar 
puncture and his irritability rapidly resolved He was 
discharged three days later. 


CASE 4 
A previously healthy 7 month old boy presented 


Transient intracranial hypertension of infancy 967 


with an acute illness of eight hours duration, during 
which he had been screaming and was reluctant to 
feed. He was found to be slightly irritable and had a 
temperature of 37.5?C. His anterior fontanelle was 
bulging at rest. The head circumference was on the 
97th centile. A cranial ultrasound scan was normal. 
Because his general condition improved and there 
was concern about raised intracramal pressure an 
initial lumbar puncture was temporarily deferred. 
His fever and symptoms settled somewhat on 
treatment with regular paracetamol. Two days after 
admission he developed a left upper lobar pneu- 
monia which responded to antibiotics; three days 
later his fontanelle was normotensive. 


Discussion 


These infants had six episodes of acutely raised 
intracranial pressure without evidence of central 
nervous system infection or a space occupying 
lesion. All had negative cerebrospinal fluid, blood, 
and urine cultures and normal plasma electrolyte 
and calcium concentrations. No specific cause could 
be found for the raised intracranial pressure but all 
episodes were associated with a febrile illness, in 
one case a chest infection. Two of the four cases had 
normal sized ventricles on cranial ultrasound scan 
and these are similar to benign intracranial 
hypertension.! The two other infants had enlarged 
ventricles and widened subarachnoid spaces on a 
computed tomogram: features of a mild communi- 
cating hydrocephalus Follow up of all four children 
for several months showed normal developmental 
progress and normal head growth. 

We suggest that a non-specific infective illness has 
interfered with absorption of the cerebrospinal fluid 
from the arachnoid villi. The widened cerebrospinal 
fluid spaces in two cases support this hypoth- 
esis. Benign intracranial hypertension has pre- 
viously been described in children dunng roseola 
infantum,” upper respiratory tract infections,! and 
Otitis media. Other conditions causing benign 
intracranial hypertension were excluded.** 

The first three infants had rapid resolution of their 
symptoms after lumbar puncture. This procedure 
reduces intracranial pressure, an effect which may 
last for up to a day 1f cerebrospinal fluid continues to 
leak from the dural puncture site. 

We wish to add a note of caution. The infant with 
signs suggestive of meningitis but who has a normal 
lumbar puncture may have transient intracranial 
hypertension. If there 1s no clinical improvement, 
however, the possibility of early meningitis that has 
failed to cause an initial pleocytosis must be 
considered—antibiotics should be commenced and 
the lumbar puncture repeated. 
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This group of infants Ceveloped a trarsient rise in 
intracranie] pressure wathout evidence of central 
nervous srstem infectio3 Discussion with. col- 
leegaes :ezds us to beleve that this condition 1s 
muc more common tran has prevbusly been 
recoznised 


We tank ELy Atkinson and 3etty Thompson “or typing this 
manuscript additionally we Fank Drs Dand Curnock, Peter 
Barber, amc Derek Johnstor, and Professor Cavid Hull for 
allow ng us 15 present their patient: 
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SUKMARY Cerebral systemic lupus erythematosus 
ig common in childhood. Three furtaer cases are 
presented. :o draw attention tc the unusual and 
vared clinical manifeszations of this zondition. 


The dizgrcsis of cereb-z] systemic lupus erythema- 
tosis (SLE), even in adults. :s easily cverlooked in 
tne abse-cs of more widespread systemic involve- 
ment by the disease. ir ch.ldren these is an even 
greater Ink2lihcod of rrisdiazncsis because of the 
ranty of tae disorder in this age group.! The present 
report of -hree childrer who presented with cerebral 
menifeztztions of SLE emphasises not only the 
varied -eztares of such neurological involvement but 
also the need to investizate eny cbscure neurological 
Ulress in children by immaaological tests. 


Cese reports 


Czse 1 A boy aged 6 vears presented with writhing 
movements of the left arm followed several weeks 
later by sudden flexior and extension movements of 
th» left eg. These worsered over tie next three 
months rd were acceripzaxed bv the evolution of 
dystonie of the left ey2 id zr.d episodi deviation of 
th2 eyzs to the left. S.x months later he developed 
focal ton. c clonic seizures e“ecting the left side which 
were daffcult to contro:, despite the use of phenytoin, 
scdium valproate, clor zezam, and pkenobarbitone. 


Over the next two years he followed a fluctuating 
couse, with variation in his dystonia and mobility. 
Attention span, behaviour, and both reading and 
wri&ng all deteriorated. Investigations, including 
biochemical screening. of plasma and urine for 
inherited or acquired metabolic disorders, a com- 
puted tomogram of the brain and nuclear magnetic 
resonance brain scan, carotid angiography, and 
bra 3 biopsy all failed to give a diagnosis. An area of 
atrcphy in the head of the left caudate nucleus was 
the only finding of note. At the age of 9 years he 
developed a ‘lupus syndrome’ characterised. by 
arthralgia, lymphadenopathy, and a morbilliform 
rasi, which was initially thought to due to his 
antconvulsant treatment. The presence of changes 
pathognomonic for SLE on immunohistology of a 
skia biopsy specimen, together with the presence of 
cheacteristically high titre antibodies to double 
strended DNA (table), however, suggested that the 
whole illness, including the presenting neurological 
features, was the result of SLE Treatment with 
prednisolone (40 mg/1-73 m?/day) was introduced 
with a dramatic improvement not only ın the lupus 
syrdrome but also in behaviour and intellectual 
furction. Gradual withdrawal of the prednisolone 
ovzr a period of a month was followed by a 
de.2rioration which, however, responded once more 
to the reintroduction of steroids and a small 
su-plement of azathioprine. These measures were 
folowed by an appreciable improvement in be- 
haviour, speech, and in school performance. Control 


m, 
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Table Investigational and immunological findings in three children with neurological manifestations of systemic lupus 


erythematosus 
Case i 
Erythrocyte sedimentation rate 
(mm ın the first hour) 16 
Total leucocyte count (x 10° 50 
Total lymphocyte count (<107/) 12 
Antinuclear antibody (reciprocal of titre) 500 
Antidouble stranded DNA antibody 
(reciprocal of titre) 640 
Antlymphocyte antibody Positive 
C3 (gf)* 0 86 
C4 (g/Dt 0-10 
Urea (mmol/l) 32 
Skin biopsy specmmen immunohistology Granular deposits 
of IgG/IgM at 
dermoepidermal 
junction 


*Reference range 0-20-0 65 g/l, treference range 0 15-0 45 g/l 


4 


of the epilepsy has remained variable on continuing 
anticonvulsant treatment and there has been no 
improvement in the dystonia, despite the perfor- 
mance of stereotactic surgery. 


Case 2. A 6 year old girl developed headaches and 
blurred vision, which resolved spontaneously over a 
five week period. A computed tomogram of the 
brain and a cerebral angiogram were both normal. 
Two months later she developed fever and mening- 
ism with a pleocytosis in the cerebrospinal fluid (270 
leucocytesx 106/1; 75% polymorphonuclear leuco- 
cytes). Bacteriological studies, however, gave nega- 
tive results and she failed to respond to antimicrobial 
chemotherapy. Her illness progressed with the 
development of ptosis, nystagmus, intention tremor, 
a left VII nerve palsy, and bilateral extensor plantar 
responses. Recent experience with case 1 prompted 
further immunological investigations (table), which 
suggested a diagnosis of cerebral SLE on the basis of 
high titre antinuclear antibodies coupled, once 
more, with pathognomonic changes on immuno- 
histology of a skin biopsy specimen. She made a 
dramatic response to high dosage prednisolone 
(60 mg/1-73 m “iday) with resolution of fever and all 
neurological signs and has continued to make 
excellent progress physically and educationally on a 
gradually reducing alternate day regime of predniso- 
lone. It proved possible to wean her off steroids 
after some 12 months’ treatment with no evidence, 
as yet, of any relapse. 


Case 3, A 7 year old girl presented with a one week 
history of ocular flutter and intention tremor. A 
computed tomogram of the brain was normal and a 
diagnosis of cerebral SLE was again established 


Case 2 Case 3 
81 4 
88 82 
1 94 3 69 
300 100 
160 Negative 
Positive Negative 
1 73 0 80 
0 38 0 28 
0-5 57 
Granular deposits Vasculitis with IgM/C3 in 
of IgG/C3 at dermal vessels and deposits 
dermoepidermal of C3 at dermoepidermal 
junction junction 


by immunological screening (table) which, again, 
showed the presence of high titre antinuclear 
antibodies and vasculitic changes in immunohist- 
ology of a skin biopsy specimen. Her symptoms 
disappeared after 10 days treatment with high 
dosage prednisolone (60 mg/1.73 m*/day) while 
further progress has been satisfactory on a con- 
tinuing low dose alternate day regime of prednisolone. 


Discussion 


SLE 1s an uncommon disease in childhood with a 
very variable incidence of involvement of the central 
nervous system, which ranges from 20% to 44% 1n 
two recently published series.'* The most often 
observed manifestations include seizures, cranial 
nerve palsies, ataxia, nystagmus, papilloedema, 
meningitis, tremor, cortical blindness, and coma. 
Neuropsychiatric manifestations including psychosis 
and personality disorder may also occur. In the 
present report, the child with hemidystonia is, we 
believe, the first described case of this syndrome 
Occurring as a result of cerebral SLE. In the series of 
Yancey et al involvement of the central nervous 
system occurred at the onset of the disorder i in 13 of 
the 16 cases with neurological disease,” and this 
tendency for the central nervous system involve- 
ment to be an early feature is evident in the present 
small group as well 

Our cases also show clearly the value of early 
immunological investigations in children with 
obscure neurological manifestations. All three chil- 
dren had high titre antinuclear antibodies associated 
with characteristic changes on immunohistology of 
skin biopsy specimens, which proved particularly 
valuable in confirming the diagnosis in the two 
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patients who did not haye any other systemic 
features of the disease. 

The higt itre antibocy to double strznded DNA 
in case 1 was also helpful :n exclucing a drug 
induced lu»us syndrome while additional screening 
lor both precipitating antibodies to extractable 
nuclear zrzigens' ? (suck as anti-RNP, aati-Ro, anti- 
La and snti-5m) and anticardiohpim antibodies 
might also have been useful. These additional 
autoantiocdies can help tc cefine subsets of the 
disease (sara as the thrcrabotiz tendency associated 
with anicardiolipin anci3odies®) as well as occa- 
sionally 5aing positive when zcnventional testing for 
antinucl2a> antibodies produces negative results. 

The im=roved survival reported in recent series of 
cerebral SLE has been art-ibuted to earler diagnosis, 
more aggressive treatm2 it, and appropriate follow 
up as well as to the recoznition of milde- cases.! ? In 
our serizs although the diagnosis in the first case 
was delavsd for three years, increasing awareness 
and early xamunologizzl screening led to a prompt 
diagnosss in the other iwo cases who responded well 
to vigoros steroid treazment and were left without 
any resital neurologica deficit. 

We present these cases to show the varied 
neurolozical presentations cf zerebral lupus erythe- 
matosus and to draw furtker attenaon to this 


conttion in childhood. In view of its rarity, we feel 
it wculd be useful to set up a national register of 
cases to monitor progress and treatment of the 
discrder. 
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SUMMAEY In advanced Indian childhood cirrhosis 
(ICC) urine copper corcentration was agher (range 
416-105 248 mg/g creazmine) than in dther hepatic 
diseases (range 67-10 =C3 mg/g creatimne). In early 
ICC urne copper concentration was more modestly 
raised (1538-9470 mg/g z zreatinıne), but rose to high 
values 12222-42 819 mmg'g creatinine) after a single 
dose of penicillamine 20 mg/kz. A post penicillamine 
urinary copper creatinine ratio 2.0000 mgg 
supporss a diagnosis of ICC. The corcentration of 
copperin tne hair, while increased in advanced ICC, 
is of mo chagnostic valie in early cases. 


The clinical diagnosis >f Indian childLood cirrhosis 
(ICC) is easy in the ‘ate presenting case but is 
unreliabl= at an earlier stage. Liver biopsy 1s 
therefcre necessary.!' We sought a robust non- 


invesive diagnostic method and we have therefore 
eva mated copper concentrations in urine and hair. 
To Dbviate the need for 24 hour urine collections, 
wla-h would not be feasible if the method was to 
become of value in the field, the copper:creatinine 
ra» was measured in random samples of urine. The 
cuzciuretic effect of a single dose of penicillamine i is 
of ‘agnostic value in Wilson's disease,” and was 
stvcied in ICC and other hepatic disorders. 

zair is painless to collect, easy to store and 
trersport, and provides a historical measure of 
intracellular copper. Despite well described limita- 
tics of hair trace metal analysis,” previous workers 
has suggested that copper concentration in hair 1s 
raced in ICC.‘ 


Mz hods 


U-xre was collected from 57 children with ICC and 
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from 21 children with other hepatic disorders (table) 
in Pune ! The children studied were part of a 
prospective review of liver disease, diagnosis being 
confirmed by a liver biopsy specimen in each case 
Urine was stored at 4°C in plastic containers and 
transported in batches to Leicester. 

Eight children (aged 4 to 48 months) with early 
ICC—that 1s, without jaundice or ascites—and 15 
children (aged 3 to 48 months) with other hepatic 
disorders (table) had urine collected before and 24 
hours after an oral dose of penicillamine 20 mg/kg 
body weight. 

Urine, with added ammonium nitrate to give a 
final concentration of 5% to cause sodium chloride 
volatisation, was assayed directly for copper by 
electrothermal atomic absorption  spectropho- 
tometry (Pye Unicam SP9). 

Containers were shown to be copper free by 
assaying acid washings. The extent to which contain- 
ers took up copper from samples (n=10) was found 
to be insignificant at 0-5 (SD 0-37)%. Repeated 
assay of an aliquotted urine over a three year period 
showed good reproducibility (7:32 (0-95) umol 
urine). Urinary creatinine concentration was deter- 
mined colorimetrically.? 

Hepatic copper concentrations in percutaneous 
biopsy specimens were assayed as previously 
described ! 

_ Hair was taken from 40 cases of ICC (age 2-48 
months); 18 Pune patients with non-hepatic dis- 


orders (age 10-48 months); and 15 Leicester in- 
patients (age 1-48 months). Snippings were taken 
from the crown and the entire length assayed. To 
remove surface contamination samples were washed 
with 4 ml acetone followed by 4 ml deionised 
water and then the washings repeated, each wash 
took 10 minutes Samples were dried, weighed, and 
then digested in 2 ml of 50% nitric acid at 80°C for 
three hours. After evaporation to dryness samples 
were redissolved in 2 ml of 0-1% nitric acid Copper 
was assayed as above. 

A sample of hair repeatedly assayed gave results 
of 22-6 (9-1) ug copper/g hair. 

Chnical, laboratory, and histological variables 
were recorded as previously described.! Values for 
copper' creatinine ratio showed a skewed distribu- 
tion and were log transformed for analysis. Groups 
were compared using Student's unpaired t test. 


Results 


The urinary copper:creatinine ratio m 57 children 
with ICC was significantly greater than that found in 
21 children with other hepatic disorders despite the 
wide scatter results (p<0-001). Among children with 
ICC, more advanced disease was associated with 
higher copper:creatinine values. Ascites and jaun- 
dice are late features of ICC, and cases with neither 
jaundice nor ascites (n=15) had a copper:creatinine 
ratio with a significantly lower range (416-39 600, 


Table Mean (SD) hepatic copper concentration and urinary copper.creatinine ratio in 57 children (11 girls, 46 boys) with 
ICC and in 21 children with other hepatic disorders. Urinary copper:creatinine ratio was also assayed in eight children with 
early ICC and in 15 children with other hepatic disorders before and 24 hours after a single dose of penicillamine 20 mg/kg 





No of Hepatic Urinary copper creatinine ratio 
children copper (mg copperlg creatinine) 
(ugig dry 
wetght) Median Range Log jo 
ICC 57 1667 (694) 6781 416-103 448 3 92 (0 52)t 
Other hepatic disorders 2] 383 (373) 452 67-10 303 2 72 (0 58)t 
Chronic active. hepatitis 6 498 (309) 282 75-10 303 2-70 (0 73) 
Chronic persistent hepatitis 5 162 (42 8) 245 67-3025 2-65 (0 70) 
Wilson's disease i 853 3-0 
Cryptogenic cirrhosis l 1250 30 
Others* 8 219 (313) 681 77-2000 2-73 (0 54) 
Pemicillamine trial 
ICC 
Before 4311 1188-9470 3 65 (0 30) 
24 Hours after 8 Peut) 28 243 2222-42 819 4 23 (0 52) 
Other hepatic disorders 
Before 288 67-10 303 2 74 (0-60)t 
24 Hours after 5 453 (378) 4115 369-33 333 3 50 (0 60) 





"Other disorders extrahepatic biliary artresia (n=2), infective hepatitis (n=2), glycogen storage disease (n=1), tuberculosis (n=1), 


syphilitic hepatitis (n1), and minor changes (n=1) 
fp«0 001, tp<0 006, §p<0 001 
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logi, 37 10-5) than those with both jaundice and 
ascres (1543-91 707, Daio 4:1 (0 5)) (p«0-011). 
No zorrelat.on existed, Fowever, between the cop- 
per:creataiae ratio anc sercm total or conjugated 
bilirubir, serum transaminases, or hepatic copper 

In ea-lv ICC urine copper ccncent-ations were 
more modestly raised and showed cverlap with 
thoze fcund in other Lver disorders «ven though 
mean values were signiticartly different (table). 

2 fter a single oral dose of penicillam ne 20 mg/kg 
€ lerge rise in urinary copper occurred in children 
with ICZ ta values exceeding 10 OC0 mg/g in seven 
of eight children A corsiderably smaller rise 
occurred in other hepatic disorders, the post- 
pericillemine value exceeding 10 000 ng/g in only 
twc chiblren One of these had Wilson's disease and 
one had chronic activ2 hepatits (heoatic copper 
corcentretions being 853 ard 508 ug zopper/g dry 
we-ght respectively, normal «100 ugg). 

Concentrations of ccpper in the haa of children 
witi ICC 171-9 (55-9), ranze 13-220+ was higher 
chan in zhe controls from erter the United Kingdom 
£278 (14-€), range 11-69) or India 158-7 (39-7), 
rarge 15-170) but the vide scatter of results made 
these d-fferences non-significant. Cailcren with ICC 
that was clinically judged tc be early aad a signifi- 
cartly bwer hair copp2~ concentration (19-0 (4-3)) 
then Ister (92-1 (86-CY) or terminal cases (93-0 
(5=-0)). Tkere was no correlation between hepatic 
and har copper 


Discussion 


The present data shcw tzat the hepatic copper 
stcrage characteristic cf [CC .s accompanied by 
greatly raised urine -opper:creatinire ratios. [n 
advanced cases values of 10 000-93 030 mg/g were 
found. Atsolute concentrations of copper in the 
urme were 20-5—856-3 pmol/l. concentrations readily 
de ectab.e by standard chemical assiys. Random 
urme copper is therefcre of some diaznostic value. 
pa-ticu.arl; when coagulation defecS make liver 
bicpsy hazardous. 

_t is, however, in the earfy case tha- non-invasive 
disgnostc methods are mora urgently ~equired. The 
presen study shows that in ICC -hat has not 
progressed to the deve cpment cf ascites or jaundice 
urnan copper:creatin re rztios are modestly raised 
and dc nct provide a clea> distincticn from other 
hepatic disorders. After a single dose of penicilla- 
mme 2C mg/kg, however the ratio sharply ın- 
creased. Values exceeded 10 (00 mg copper/g 
creatimre in seven cut cf eight cases. Other 


diso-ders associated with raised hepatic copper show 
a madest post-penicillamine cupriuresis. The other 
impertant cause of raised urine copper in infancy, 
extrahepatic biliary atresia, is clinically quite distinct 
from ICC, however, while Wilson's disease is rarely 
sym=tomatic before 5 years of age, and may be 
differentiated from ICC by serum caeruloplasmin 
assay. 
air copper concentrations are raised in advanced 
ICC confirming previous reports,* ° but the diagnos- 
tic value of this is limited because of the variation in 
normal values. Exogenous copper contamination 
contributes to this variation despite meticulous 
sample preparation.’ The difference between the 
controls 1n the United. Kingdom and India may 
reflect different use of oily scalp preparations or 
may genuinely reflect copper status. Another dis- 
advantage is that hair copper concentration is 
normal in the early case in which diagnosis is most 
difficult. 

We conclude that random urine and hair copper 
concentrations are raised in advanced ICC. While 
hair copper is of no diagnostic value in early ICC a 
pos-penicillamine urine copper:creatinine ratio 
grezter than 10 000 mg/g is highly suggestive of the 
diagnosis. 


We e^atcfully acknowledge support from the Wellcome Trust and 
thanz Mrs A Gilbert for typing the manuscript 
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Blood lead, ethnic origin, and lead exposure 
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“Walsall District Health Authority, T Department of Paediatrics, Walsall Manor Hospital, iInformation 
Department, West Midlands Regional Health Authority, and $West Midlands Regional Laboratory for 


Toxicology, Dudley Road Hospital, Birmingham 


SUMMARY A survey of blood lead concentrations is 
reported in a group of 199 young Walsall children 
(3-6 years of age). The geometric mean blood lead 
concentration was 0-47 umol/l (range 0-2-1-6 pmol/l). 
There were no significant differences in blood lead 
concentrations between groups of children with 
different ages, sex, ethnic origin, or environment. 


Environmental lead pollution is widely regarded as a 
risk to child health. Raised blood lead concentra- 
tions in children, however, can be due to many 
causes including airborne lead, lead in soil, lead in 
household dust, pica, finger sucking, lead in food 
and water supplies, and lead in oriental cosmetics 
(for example, surma). 

Walsall is an industrial borough with estabhshed 
atmospheric and soil lead pollution. Earlier surveys 
carried out in Birmingham reported that many inner 
city children (particularly of the ethnic Asian 
minority) had raised blood lead concentrations 
(71-69 umol/l).' ? The main objective of the present 
collaborative study was to carry out a pilot survey of 
blood lead concentrations 1n young Walsall children 
and to assess factors that might be expected to 
influence blood lead concentrations—for example, 
age, sex, ethnic origin, location of home, diet, and 
social background. 


Subjects and methods 


The study population comprised 199 children ran- 
domly selected from the Walsall Child Health 
Register stratified by age, sex, ethnic state, and area 
of residence. Children aged 3-6 years were trom 
three ‘lead polluted’ areas and one ‘control’ area of 
Walsall (table). A questionnaire covering relevant 
social and environmental information was com- 
pleted by a health visitor in the home, along with a 
hand wipe test for lead A clinical examination for 
growth parameters and for signs of lead intoxica- 
tion was carried out together with a venepuncture 
for blood lead, haemoglobin, and zinc protopor- 
phyrin concentrations. 

Blood lead concentrations were measured by 


atomic absorption spectrometry (Delves’ cup). Par- 
ticular attention was paid to ensuring good accuracy 
and precision. Measurement of hand lead was 
carried out with lead free moist tissues used for 
personal cleansing. Two other tests were selected as 
potential markers of chronic lead exposure—blood 
haemoglobin and erythrocyte zinc protoporphyrin. 


Results 


The frequency distribution of blood lead concentra- 
tions for the whole population (figure) shows a 
distinct positive ‘skew’, consistent with a log-normal 
distribution. The geometric mean was 0-47 pmol/l, 
with extreme values of 0-2 and 1:6 pmol/l. There 
were no significant differences in blood lead concen- 
trations for children living in the four geographic 
areas (table). Moreover, age, sex, and ethnic origin 
did not significantly influence blood lead concentra- 
tions. Only five children from the ethnic minority 
used surma eye make up and this factor did not 
significantly influence blood lead concentrations. 
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Figure Histogram of the percentage frequency distribution 
of blood lead concentrations in Walsall children (n 199) 
Each interval corresponds to 0-1 umol/l 
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Tabe  Cheracteristics of sample populauor and geometiiz mean va.ue for blood lead, haemoglobin, zinc protoporphyrin, 


and hand ead for childrer; hange ta different locations 


Loce tion Sex No cf chilaren Blood conzentiations (geometiic mean) Concentration 
of hand lead 
White Eshniz Total Lead Haemoglobin Erythrocyte zine (geometric 
MAOY (wnol/i) (gil) protoporphyrin mean) 
(mgil) fug) 
Arez ] (Eiga air M lu iS 25 : 
ard so: lead) F 12 2 25 i ve is 
Area 2 (Liga air M 10) 5 19 „69 
lead) E T T 30 0 48 116 0 26 7-6 
Arc1 3 (mga M iS — 15 : * 
sl lead F ^ = 12 0-43 127 0 26 45 
Ares 4 (cortrol arca M 2i 15 37 " 
low arr ard soil Icad) F 19 I; 36 moe 12% id is 
Tote] (rang) ` M 56 47 96 0-47 (0 2-4-6) 125 (80-170) 0 28 (0 13-1 8) 6.1 (2-198) 
F 60 E 103 


"Significant {p<0 05) differeace in hand lead concentrations tn these two arcas 


Hanc wipe measuret.ents as a mz ker for lead 
exposure were carried Dut 13 194 children. Hand 
wipe lead in white child-en was significantly higher 
(t2 2:37, p« 0-05) compared with the etanic minority 
grcup. 

Measurement of ery Erocy-e zinc protoporphyrin 
in 199 cinldren showed no correlation with blood 
lead concentrations (r=0-02) Moreover, there were 
no sigrifscant differences in erythrocyte zinc pro- 
toporpky-in concentrations 1n child-er. Irom the four 
study a-eas (table) The only positrve nding was an 
associaicn between raised erythroctte zinc pro- 
toporphy-n concentra 15ns and signit=zant iron de- 
ficenc* anaemia. 

The zeometric mear »5lood haemog obin concen- 
tration was 125 g/l, waa extreme valces of 80 and 
179 g/l Eighteen children (9%) had haemoglobin 
coacencretions less ther 110 g/l and vere regarded 
as being anaemic. There was nc siznrcant correla- 
ticn between haemoglocin and blcod. lead concen- 
tretions r=0-10). There were also 30 significant 
differenc3s in mean ha2moglobia con=ntrations for 
ch Idrea iving in the four study areas rtable). There 
wes, however, a highl~ signinicant negative correla- 
ticn (r=—0-65, p«0-011 between blood haemogio- 
bim and erythrocyte zinc pro-coporphy-in concentra- 
ticns The plasma ferrit'n conceatratizns in children 
wih anaemia were al less than 10 ug/l (normal 
range 15-140 pg/l) Mo children were found with 
either heemoglobincpathy or parasite infection. 

Clin cel examination of all the chEdren did not 
show n” symptomatclogy suggestive of lead toxic- 
ity. TFere was no history of pica in eny child. The 
height/wzight statistic. of the whi-e -aildren in the 
study “ell within the expected range for European 
children. Although scme children from the ethnic 


minority group were, as expected, below the third 
cent le for both weight and height, there was no 
evidence of growth pathology. 


Discussion 


The main finding of this survey of blood lead 
concentrations in stratified populations of Walsall 
children was that the actual concentrations were 
surprisingly low. Moreover there were no significant 
differences in mean blood lead concentrations for 
groups of children of different age, sex, ethnic 
orig.n, or area of residence. Hand lead measure- 
merts were unhelpful in identifying children with 
relazvely high blood lead concentrations. The pre- 
sent findings, therefore, are consistent with some 
recent and well conducted studies of blood lead 
concentrations in children living in other parts of the 
Uniced Kingdom*? and well within current Euro- 
peaa Economic Community and Department of 
Hezlth and Social Security guidelines, but they are 
at "-ariance with earlier surveys carried out on 
preschool children in Birmingham.! ^ The present 
findings for concentrations of erythrocyte zinc pro- 
toporphyrin question the usefulness of this assay as a 
screening test for lead exposure. 

The principal conclusion is that blood lead con- 
cen rations in Walsall children are relatively ‘low’, 
evea in children living in relatively ‘polluted’ areas. 
If the values are representative of the population at 
large, they reflect very httle risk to the health of 
children in Walsall. From the clinical examinations 
carried out on the children, there were no obvious 
physical or behavioural problems that could be 
related to Jead exposure. The possibility of there 
beimg subtle deleterious effects of 'low level' lead 


exposure on child behaviour or intelligence could 
not be ruled out by the present study, but these 
effects, if real, are tiny compared with other factors 
which influence childrens’ physical and mental 
development." 


We express our appreciation to the families of Walsall and their 
general practitioners, who allowed us to study the children, and to 
thc health visitors based at Walsall Manor Hospital who carried out 
the field work for the survey Wc also thank staff of the department 
of clinical chemistry, Walsall Manor Hospital and the department 
of haematology, Dudley Road Hospital, Birmingham for carrying 
out additional investigations 
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Sublingual nifedipine in acute severe hypertension 


JH C EVANS, N J SHAW, AND J T BROCKLEBANK 
Department of Paediatrics and Child Health, St James's University Hospital, Leeds 


SUMMARY Sublingual nifedipine was used for the 
treatment of acute severe hypertension in 12 chil- 
dren with renal disease. An average dose of 0-24 
mg/kg was safe and proved effective on most 
occasions within 30 minutes with a median duration 
of action of three hours. There were no major 
adverse effects. 


The current recommendations for the treatment of 
hypertensive crises in children advocate the use of 
intravenous infusions of labetalol or sodium 
nitroprusside.! Administration of these drugs has 
the disadvantage that they require parenteral admi- 
nistration and nitroprusside has to be protected 
from light to prevent decomposition. A drug that 
could be given orally that would act rapidly but 
would not cause profound hypotension would be an 
advantage. Nifedipine administered sublingually has 
been shown to be a safe and effective means of 
lowering blood pressure ın adults.” ? Its advantages 
are the ease of administration, absence of serious 
side effects, and the fact that 1t has been shown to 
increase cerebral blood flow thus reducing the risk 
of cerebral ischaemia.” 

Over an 18 month period from February 1986 we 
have collected data on the use of nifedipine on 35 
occasions in 12 children with severe hypertension. 


Patients and methods 


The 12 children with known renal disorders were all 
studied while inpatients (table 1). Their ages ranged 
from 6-15 years and weights from 16-60 kg. Eleven 
of the children were being treated with other 
antihypertensive drugs Each child had an acute rise 
in blood pressure recorded on at least two occasions 
before treatment and needed urgent treatment In 
each case the diastolic blood pressure was equal to 
or greater than 110 mm Hg. Children with features 
of hypertensive encephalopathy were not studied. 
Children below 30 kg body weight were given 5 mg 
mifedipine and children weighing 30 kg or more 
10 mg. The dose range was 0-18 to 0-32 mg/kg with a 
mean dose of 0-24 mg/kg. The capsule was admi- 
nistered either by being cracked between the teeth 
and held under the tongue or by initially piercing the 
capsule with a needle and squeezing the contents out 
under the tongue. The blood pressure and pulse 
were measured before treatment, at 15 and 30 
minutes, and then hourly for six hours. The blood 
pressure was measured with the child lying down by 
either one observer using a sphygmomanometer and 
an appropriate sized cuff covering at least two thirds 
of the upper arm, or an automated oscillometric 
device (Dinamap) when more than one observer 
monitored the blood pressure. 

During the study period all other antihypertensive 
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druzs were withheld for six hours unless the diastolic 
blood pressure remained above 110 mm Hg. We 
used the following criter13 to assess whether subling- 
ual nifedi»ne was effective: a fall m the mean 
arterial pressure of at least 20 mm Hg or the 
diastolic pressure falling to telow 100 mm Hg. The 
means end 95% and 99% coafidence irtervals were 
calculated for the falls in blood pressure observed 
anc the appropriate p velue Ceterminecd using the t 
distribuzicn. 


Results 


On 35 occasions (12 pat ents” the effect of sublingual 
nifedipine was studied cver tae first 30 minutes after 
adninisiration These results are shown in table 2. 
There vas a highly significant fall (p<0-01) in the 
sys Olic diastolic, and mean blood p-essures, the 
largest “all being observed in the diastelic pressure. 
Us-ng eaca of our criter.a for effectiveness they were 
fulfilled or 25 of the 35 occasions 571%) Two 
chi drer tpatients 4 ard 10) failed tc respond on 
three separate occasiors. This was feltto be due to 
corcurre=t hypervolaeria. Two cthe- initial non- 
:es2oncers did responce on other occasions. The 


Tale 1 Cfrucal details oy patieats studied 


pati*nt Age Nifedipine 
No (yca-ri dose (mglkg) 
2 10 0 20 
3 14 0:27 
3 11 0 26 
4 14 0 20 
5 10 0 18 
6 14 0 31 
7 14 0 29 
8 15 0 22 
9 6 0-32 
I0 12 0 22 
ll 14 0 19 
12 12 0 24 


"CEPD-coiünuous ambula‘ary peritonzal dialssis 


magnitude of the pretreatment blood pressure did 
not influence the size of the response obtained. 

On 20 occasions (seven patients) the blood 
pressure was monitored hourly during a six hour 
period after the administration of nifedipine. The 
changes in the mean systolic and diastolic pressures 
are shown in the figure. On 17 occasions (six 
patients) the diastolic blood pressure fell below 100 
mm Hg, and remained below this value from 30 
minutes up to six hours (median duration of three 
hours). A variable duration of response was seen in 
those children who received the drug on more than 
one occasion. In those patients in whom nifedipine 
proved effective the lowest blood pressure was 
reached within the first hour. The minimum blood 
pressure recorded was 120/60 mm Hg and the 
maximum pulse observed was 140 per minute in a 
chilc who had a large fall in mean blood pressure of 
50 mm Hg and complained of palpitations. Apart 
front this one occasion in one child, reflex tachycar- 
dia was not seen and there was no difference seen in 
the mean change ın pulse rate whether the children 
were on B blockers or not. 

A-though nifedipine was well tolerated, most of 
the zhildren commented on the unpleasant taste. 


Diagnosis Other drugs taken 


Chronic renal faure, CAPD* 
Renal transplant 


Captopril, Nifedipine 
Mctoprolol, nifedipine, 
enalapril 


T cell lymphoma, 
renal insufficiency 
Chronic renal failure, 

CAPD* 
Renal transplant 


Renal transplant 

Renal artery stenosis 

Renal transplant 

Chrome renal failure, 
CAPD* 


Haemolytic uraemic syndrome 


Chronic renal failure 
Reflux nephropathy 


Tatle2 Effect ofsublingaul nifedipine on Hood pressure after 30 minutes 


Sy_tolic pressure 


(ren Hg) 

Mezn (SO: pretreetment blecd pressure 16- (13-2) 
Mezn (SO: blood pressure 30 mirutes 

ater taea ment i4- (13 7) 


Mezn charge in blood presure —28 
(£596 corfidence intervals: (—7 5 to —18 1) 


Diastolic pressure 
(mm Hg) 


118 (7-6) 
89 (13 5) 


—29-6 
(—35-3 to —23 9) 


Labetalol 


Hydrallazine, labetalol, 
enalapni 

Labctalol, nifedipine, 
hydrallazinc 

Labetalol, nifedipine 

Hydrallazine 

Metoprolol, prazosin 

Hydrallazine 


None 
Captopril, nifedipine 
Labetalol, hydrallazine 


Mean artenal 
pressure (mm Hg) 


133 (7 1) 
106 (12-4) 


—-26 6 
(—323 to —20-9) 
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Figure The effect of sublingual nifedipine on blood 
pressure over a sux hour period (20 occasions in seven 
patients) 


The only adverse effects were palpitations (two 
occasions), facial flushing (two occasions), headache 
(one occasion), and tiredness (one occasion). One 
patient vomited immediately after being given the 
drug and did not take part in the study. No patient 
complained of dizziness; symptomatic hypotension 
was not seen. 


Discussion 


The results of our study show that sublingual 
nifedipine in a mean dose of 0-24 mg/kg is a safe and 
effective drug that will rapidly lower blood pressure 
in children with acute severe hypertension. On 10 
occasions (three patients), however, it proved not to 
be effective as judged by our criteria and the median 
duration of action was only three hours. Other 
studies in children have shown it to be effective on 
each occasion and the duration of action to last for 
six hours.** These differences could be attributable 
to the slightly lower dose range in our study of 
0-18-0-32 mg/kg as opposed to 0-25-0-5 mg/kg. We 
encountered no major adverse effects and generally 


the drug was well tolerated and preferred to an 
intravenous drug. We consider the drug to be safe 
and have instructed selected patients to use it at 
home or on holiday if they have an episode of severe 
hypertension. We did not use the drug in children 
below the age of 5 years but it would be possible to 
use it on younger children by aspirating the contents 
of a capsule with a syringe and administering the 
required dose per kg body weight sublingually The 
volume inside the 10 mg and 5 mg capsules is 0-34 ml 
and 0-17 ml, respectively (Bayer UK Ltd, personal 
communication). Precautions should be taken to 
protect the drug from light as it will degrade rapidly. 
Although we would not recommend it being used in 
hypertensive encephalopathy, where we favour the. 
use of a drug which can be titrated such as 
intravenous labetalol, we believe that sublingual 
nifedipine has a role in the treatment of acute severe 
hypertension in children. 


Acknowledgements to the nursing staff of ward 15 for their help 
and cooperation 
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Severe failure 15 thrive and diarrhcea caused by laxative abuse 


A C FZNTON, M P AILOO, AMD M S TANNER 


Department of Child steath Leicester Royal Infirmary 


SUMMAEY We report < case of chrom- administra- 
tion of Epsom salts lead rg to diarrhcea and severe 
weight loss in a 7 mata old girl. 


Failure to thrive in aszeciatior. with loose stools 
is a frecuent diagnostic problem. W= report our 
experienzm. 


Case repert 


A girl, weighing 250€ g, was born at 41 weeks’ 
gestaticn to a young sir gl» mother. At age 3 months 
she developed ‘pertusss , then presented one month 
later wtr door feeding. .e-hargy, weiht loss, and 
passage cf six to ten loose stools per Jay. She was 
admitted to hospital "aere treast feeding was 
supplenented with boze feeds. All investigations 
gave normal results (swat test, throid function 
tests, stcols for occult 5.cod and microbiology, and 
blood tor -outine haematology and b.ochemistry). 
The chic recovered arc wes discharged after six 
days. Two weeks later t Ee developed typical chicken 
pox and received antitiocics for a “ckest infection’. 
Althouzh weight increased slowly, her stools re- 
mained loose and freqaent. 

During the next two weeks she was treated by the 
family practitioner for amother chest nfection and 
was alea thought to Fae had rubella. 

The a3ealth visitor became increasingly concerned 
about aer ‘failure to gain weight’ and continued 
watery s:cols despite the child being alert and 
feeding well. On readmpBsion, age 0-58 years, she 
weighed 4.90 g (below the 3rd centilz). Investiga- 
tions were performed including repeated stool 
bacterial and viral culta-e, stool chromatography, 
serum lipids, radiography of .ong tones, serum 
immun»galobulins and T csi. subsets; al. gave normal 
results. In view of her rv me-ous illnesses, a secon- 
dary cows" milk prote r intclerance was suspected 
and a caanze to a soya Ti k resulted ir an immediate 
but teriporary improvement. This pattern of tem- 
porary improvement wes repeated zeveral times 
with o-cher empirical feed changes. During three 
weeks in hospital motker and baby were insepar- 
able, viz. the mother -emaining calm and smiling 
throug30u-. 

After z weekend at home she wes readmitted in a 


severely dehydrated state, and after resuscitation 
intravenous feeding was commenced. Intermittent 
diarrhoea continued but collection of stool samples 
proved difficult. Eventually stool electrolytes were 
anaysed. A large solute gap existed between 
meezsured osmolarity (284 mmol/kg) and measured 
electrolytes (sodium «5 mmo/l, potassium 15-4 
mmol/l, chloride 23 mmol/l). Urine contamination 
was excluded by a low faecal urea. Sugars including 
lactulose were absent. Faecal magnesium was 
170mmol/l, which, for her approximately measured 
daily stool volume, was equivalent to 4-5 mmol/kg/24 
hours (about 10 times normal) Urinary magnesium 
was also high (again 10 times normal) though plasma 
magnesium remained normal due to high urinary 
clearance. Confronted with this information the 
mother admitted to administering Epsom salts so 
that symptoms were maximised and 'the doctors 
world take her more seriously’. A box of Epsom 
salt: (58 g), a feeding bottle containing 350 mmol/l 
of magnesium, and some distilled water were found 
in her possession. After separation from the mother 
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Figure Poor weight gain in an infant found to have been 
receving Epsom salts, and subsequent rapid catch up 
growth. 
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and subsequent fostering the diarrhoea ceased and 
the child's weight gain was dramatic (figure). 


Discussion 


The deliberate administration of harmful substances 
was included in early descriptions of child abuse ' 
These substances include both household products 
and drugs, which were often prescribed for adults 1n 
the family.? Previous reports have emphasised that a 
prerequisite for diagnosis is a low threshold of 
suspicion.” ^ Disturbances of bowel function with 
poor weight gain are commonly seen in infants, but 
reports of deliberate overdosing with dangerous 
drugs are relatively uncommon, and laxative abuse 
in very young children is exceedingly rare. These 
factors, the exemplary behaviour of the parents, and 
the trust which doctors place in parental histones, 
militate against early diagnosis with potentially life 
threatening consequences. 

Even when the diagnosis is considered, proving it 


is often difficult and in this case the stool electrolytes 
were vital in distinguishing an osmotic from a 
secretory diarrhoea. The severity of weight loss and 
the near fatal episode of dehydration emphasises the 
need to consider pharmacological abuse where the 
clinical picture 1s unusual.” 
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Clostridium difficile in an oncology unit 


A L BRUNETTO, A D J PEARSON,“ A W CRAFT,” AND S J PEDLERT 


" Department of Child Health, The Medical School, University of Newcastle upon Tyne, and f Department of 
Clinical Microbiology, Royal Victoria Infirmary, Newcastle upon Tyne 


SUMMARY In one year 21 new cases of Clostridium 
difficile infection occurred on a paediatric oncology 
unit. Eleven cases were in a two month period. This 
infection should be regarded as a communicable 
disease. Investigations to detect C difficile should be 
carried out in children with malignant disease who 
have diarrhoea. 


Clostridium difficile has been increasingly recog- 
nised as an aetiological agent of acute and chronic 
antibiotic associated diarrhoea and pseudomembra- 
nous colitis.! There have been reports of outbreaks 
in hospital units as well as sporadic cases. Patients 
with malignant disease receiving immunosuppres- 
sive treatment are at risk of opportunistic infection. 
As they also receive numerous courses of antibiotics 
and have frequent hospital admissions throughout 
their treatment they are at particular risk of C 
difficile infection.” ? In addition cancer chemother- 
apy may predispose to gut colonisation with C 
difficile > We report an outbreak of infection with 
this organism in a paediatric oncology unit associ- 
ated with a change 1n antibiotic policy. 


Patients and methods 


All patients admitted to the paediatric oncology 
unit, a 10 bedded ward exclusively for children with 
cancer, in Newcastle upon Tyne during 1986 who 
had diarrhoea associated with C difficile were 
included in this study. Diarrhoea was defined as a 
change from normal bowel pattern with passage of 
two or more consecutive unformed stools. Stool 
specimens from patients with diarrhoea were ex- 
amined for the presence of C difficile and its 
cytotoxin in addition to routine virological and 
bacteriological investigations. 

Specimens were inoculated onto Columbia blood 
agar containing cycloserine and cefoxitin as selective 
agents. Detection of cytotoxin was performed by 
standard laboratory methods.* 

Since 1981 patients on the unit with neutropenia 
and fever have received empirically gentamicin and 
azlocillin. During 1985 only 61% of Gram negative 
bacilli isolated were sensitive to azlocillin, therefore 
in March 1986 cefuroxime was substituted for 
azlocillin. 

Because of an apparent increase in the number of 
patients with C difficile infection early in 1986, stool 
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spedmems were examined for C aifficle from all 
children azmitted during the five month period from 
the midcle- of May to Octobe: 1986. Also the use of 
cefuroxime was discontnued and azocilin and 
aentamici- were instituted. 

All patients who were positive for culure or toxin 
for Z difficile received an ora. course or vancomycin 
(125 mg »rally three times daly) anc if ce culture or 
toxin remzined positive a fu-ther course was given 
ccnzisticg 51 three days of vencomytin with a three 
day rest -eriod repeated three times? 


Resalts 


Durning the year 21 patients, mine girls and 12 boys, 
age. 1-P9 wears had one >r more zpisodes of 
diarrhoea associated w.th C difficile during some 
stage of -3eir treatmert (figure,. Eleven of these 
occurred m a two morth period. Nineteen had a 
mild ulmess but in twc the symptoms were more 
serious vi:t bloody diazrhcea and abd>minal pain. 
All were receiving chemotherapy for either 
leukaemia (11 patience) cr solid tumours (10 
patients). At the time ot pressntaticn wth C difficile 
associated diarrhoea, J pacients hac an absolute 
nevtropar count less tran 1-Cx10?11. Ta 15 patients 
bota th» D-ganism anc the toxin wer present in 
feces kutin five only ne crganism. ard in one only 
the toxin was detectec. 

I3 all 21 patients symptoms resclved with treat- 
meat with oral vancomycin and the organism and iis 
toxn ccd not be detected m stools af-*r treatment. 
In nine patients (43%), however. C <ifficile or its 
toxn were detected again at a later date. Such 
recurrence of colonisztion was usualy, but not 
always, associated with symptoms. Some children 
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Table Recurrence of clostridium difficile in the stool of 
26 pat:ents 


Isolation of Diarrhoea 
Clostridium difficile 
————— Present Absent 
No of Total No 
children — of episodes 
Symptouratic patients 
No o relapses 
0 12 12 12 0 
I 5 10 8 2 
2 3 9 7 2 
3 l 4 4 0 
Subtotal 21 35 31 4 
Asymptomatic patients 
No of relapses 
0 3 3 0 3 
1 2 4 0 4 
Subto-al 5 7 0 7 
Total 26 42 31 1 


had multiple recurrence, giving a total of 35 epi- 
sodes of infection in 21 patients (table). 

During the five month period in which routine 
screening of all patients‘admitted to the ward was 
carried out, 77 patients were admitted on 272 
occasions. In addition to the 14 symptomatic 
patients during this screening period described 
above. five asymptomatic patients were found to 
have C difficile in their stools. In two of these 
patients colonisation recurred after treatment 
(tabe). 

Toxin was detected ın 18 out of 31 (58%) episodes 
of C difficile infection associated with diarrhoea but 
only in two of 11 asymptomatic isolations (p<0-02). 
All 10 episodes of C difficile infection in patients 
with an absolute neutrophil count of less than 
1-0x10?/ were symptomatic. 


Discussion 


C aifficile has been isolated occasionally in the 
paediatric oncology unit in Newcastle since 1980. 
The outbreak described above was associated with a 
change in antibiotic policy from the use of azlocillin 
to cefuroxime. Although C difficile associated dı- 
arrtoea does occur without prior exposure to 
antibiotics, most cases reported do implicate an 
association and the cephalosporins appear to be a 
particular problem. 

There are a number of potential causes of 
diarrhoea in children receiving treatment for malig- 
nant disease. In addition to bacterial, viral, and 
parasitic infection chemotherapy can cause small 


bowel mucosal damage resulting in diarrhoea. It is 
important that diarrhoea is not accepted as a normal 
symptom of cancer chemotherapy and that stool 
specimens are sent for full bacteriological and 
viral investigations including examination for 
the presence of C difficile and its toxin. Relapse 
after the discontinuation of treatment with van- 
comycin, metronidazole, or bacitracin has been 
reported with incidences ranging from 5% to 59%.° 
In the present series, the symptomatic relapse rate 
was 3896 

There now seems little doubt that C difficile 
infection is a communicable disease, which may 
cause outbreaks of infection in hospital ? ? Patients 
with diarrhoea known or suspected to be due to C 
difficile should be isolated and 'barrier-nursed' in 
the same way as patients with other recognised 
gastrointestinal pathogens. The low incidence of 
asymptomatic carriage detection in this study sug- 
gests that screening 1s probably not worthwhile as a 
routine preventive measure except during an out- 
break. Antibiouc policies should be reviewed if an 
outbreak occurs. 

It 1s possible that the outbreak could have been 
aborted if control measures had been commenced 
sooner. Recognition that an outbreak is occurring Is 
therefore vital, particularly in units which already 
have a low 'background' incidence of infection. 

Therefore we suggest that paediatric oncology 
units should monitor the number of cases of C 
difficile infection and if there is any evidence of an 
increasing incidence control measures should be 
started. 
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With early treatment severe life threatening 
illness may be prevented. The presence of either the 
toxin or the organism may be related to symptoms, 
and the absence of the toxin should not dissuade the 
physician from considering C difficile as a pathogen 
and commencing specific treatment. 


We thank CAPES (Ministry of Education of Brazil) for the support 
of ALB, the North of England Children's Cancer Research Fund, 
and Dr MM Reid for cntical review of the manuscript 
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Variation in lower leg growth with alternate day steroid treatment 


JK H WALES AND R D G MILNER 
Department of Paediatrics, University of Sheffield, 


SUMMARY Daily growth of the lower leg in a child 
receiving alternate day oral steroids for Crohn’s 
disease was measured by knemometry. Growth 
occurred on days free of treatment. This may 
represent a direct observation of the growth sparing 
effect of alternate day steroid medication. 


The knemometer is designed to measure changes in 
tibial length with great accuracy.! The technique has 
recently been rigorously assessed and its power in 
detecting changes in growth over short (less than 
eight weeks) periods confirmed.” The definition of 
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measurement is 0-1 mm and the coefficient of 
variation of six readings by one observer is 0-09% 
giving a precision (coefficient of variation X mean 
value of tibial length) of 0-2 mm. Intradaily varı- 
ation in tibial length has been described in normal 
children,? and day to day fluctuations ın growth 
shown in children receiving growth hormone using 
the same technique.* 

The recent suggestion that this technique may be 
used as a sensitive marker of growth supression 
prompted us to measure the daily lower leg length of 
a child receiving alternate day oral steroids for the 
treatment of Crohn's disease.? 


932  Welzs and Mune 
Casc report 


An : 1:6 ear old boy who had suffered fom Crohn's 
disease f5- five years was an :npatient ror establish- 
ment of aa enteral feeding regime a-d exclusion 
diet He was otherwise iv good symptcmatic health 
with no cLnical signs 0^ relapse. He Ead received 
precnisodoae intermitter-ly since the enset of his 
Ulness and his height wes on the thirc centile for 
chrcnolcgizal age, with a 2-5 year dela? of skeletal 
mataratior. His height velocicy in the year before 
admissicn was 5-2 cnvyear. After a three week 
period d. 1-ng which his Leta intake was stabilised 
his "veigat (on an Averr Beam Balance) and lower 
leg length were recorded daily one hour after 
waking and similar physical activity on the ward. 
Four measurements of kcwer leg lengt- were taken 
at each arrendance as previously described with no 
reference -c the previous days readings? The mean 
cf the four determinaticns was used ror compari- 
son. Standing height was measu-ed weekly using a 
Hampenden stadiometer For the final nme measure- 
ment days the soft tissue thicxness of "he heel pad 
and superar aspect of knee were measured to the 
nearest (-] mm using a lear ultra-ound beam 
(Derma. Depth Detecicr. Cct2ch Ltd) -o attempt to 
discriminate between trce 25ne length change and 
soft tisuiz compressior or expansion. 
Throvghout the measurement pericd the patient 
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received lg of sulphasalazine two times a day and 7-5 
mg of soluble prednisolone on alternate days, after 
the measurement session. For the last week of study 
the steroid dosage was put 'out of phase' by one day 
to determine if any alteration in the pattern of 
growth could be observed. 


Results 


The changes in mean lower leg length, standing 
height, weight, and soft tissue thickness are shown 
in fiz 1. It can be seen that there was consistent 
growth on days free of steroid, followed by a smaller 
shorcening on treatment days. This pattern was 
mair.tamed on and after the days when steroids were 
administered consecutively ın the final week. This 
pattern can be quantified by comparing the changes 
in length observed from ‘no treatment to treatment’ 
days with ‘treatment to no treatment’ days and is 
significant (t=3-62; 13 df; p<0-005) (fig 2). The 
charges in weight tended to parallel the changes in 
lower leg length (on 11 out of 15 occasions) but the 
association was not significant (t=1-53; 13 df; 
p<0-2). Although the total soft tissue thickness 
varied from day to day, the changes were not 
sign-ficant and tended to oppose the length changes, 
supporting the observation that true lengthening of 
the lower leg occurred on steroid free days. 
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Fig2 Variation in lower leg growth with alternate day 
steroid treatment. 


Discussion 


The knemometer provides a valuable means of 
observing biological phenomena related to short 
term, and ultra short term growth changes of the 
lower leg. The magnitude of the observed fluctu- 
ations 1n lower leg length 1n this case are well within 
the observed capabilities of the apparatus.” The 


mechanism of the growth inhibition due to steroid 
administration is uncertain but is probably secon- 
dary to a peripheral blocking of the action of growth 
hormone. We postulate that the observed loss of 
length on days when steroids were administered is 
due to postural compression of non-growing cartil- 
age and bone and is similar to the loss of length seen 
during illness or catabolic stress that we have 
previously described. The observed differences in 
lower leg length probably do represent true changes 
in bone length rather than a soft tissue effect and 
could represent the first direct observation of the 
growth sparing effect of alternate day steroid 
regimes. 


We thank Mrs M Pickenng for performing the auxological 
Observations. 
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Rubella immunisation for girls over 14 years 


D T HODES 


Community and Continuing Care Unit, Islington Health Authority, London 


SUMMARY Rubella vaccination was offered to a 
cohort of schoolgirls 14 years and over whose 
immune state was unknown. This increased the 
percentage vaccinated or known to be immune from 
86% to 90%. It is recommended that rubella 
vaccination should be offered to girls until they 
leave school at 16 years of age. 


The uptake of rubella vaccine by schoolgirls has 
increased since 1976 but in most areas 1s still below 
9096.! In inner city areas absenteeism, failure to 
return consent forms, intercurrent illness, parental 
refusal, and desire to attend their own general practi- 
tioner, have a negative influence on vaccine uptake.? 
High mobility of the population and administrative 
difficulties within schools are additional factors. 
The schoolgirl rubella vaccination programme 1s 
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offered to all girls between 11 and 13 years. It is then 
discontinued as girls aged 14 year: ard over must 
have preliminary scre2ning for rubella anubody 
because of che risk of pregnancy.” The -chool health 
service has contact witk girls untl the age of 16, 
leaving twc further yeers during which vaccination 
could be offered. This study Cescribes a programme 
forschoclg-rls, 14 years and over, to determine their 
immune state and subsecuent acceptanze of vaccina- 
tion. 


Subjects and methods 


The subjects were gris in their taird year at 
secondary school, 14 years cld and over, who had 
no: beer. vaccinated by June 1985, and who were 
attending che five local authonty g-ls secondary 
scFools mn the Inner Loadon Borcugh of Islington. 
Pe-mission was obtained from each head teacher. 
etails cf rubella vaccination are normally entered 
in the school medica records (form 10 M) and 
sckool nurses keep a lis: of girls who co not attend. 
Using this information, the nurses identified the 
gids with unknown immune state zad told them 
about the scheme. Parents gave written consent for 
serotesting and vaccimation. An explanatorv letter 
urzing them to accep: tre programme was enclosed. 

The school nurse arranged the session with 
clerical help and one clir:cal medical officer who 
took all the blood samples Sessions or individual 
appointments were crranged deperding on the 
number of girls. A thant prick was made with an 
autolet and 0-5 ml o^ blcod was colected into a 
plastic container. A venepuacture wes offered but 
ra-ely chosen. The spez mens were teszed for rubella 
artibody by radial haemolysis at the local district 
general hospital and those with z-ne diameters 
ccrresponding to mo-e than 15 TIU^ml were con- 
sidered immune. 

Each gi-l was given < card with her rubella status 
ard the perents were informed 3y letter. The school 
nurse arranged a time for the clinical medical officer 
to vaccinate those who were ncn-imnaune. 


Table 
Schools 
I 
Tetal No of sirls on roll 253 
No who were vaccinated at (1-13 years (76] 212 (84) 
No with un<nown immune scctus 41 
N> who were offered programme 24 
Nd who participated 10 
Total vaccinated orknowninernune aller prograrmne(%) 222 (88) 


Results 


In June 1985, 503 of 586 third year girls (86%) had a 
clea- record of having been vaccinated between 11 
and 13 years of age, the uptake varying from 
72-100% between the five schools (table). Of the 83 
girls who were still in school and whose immune 
state was unknown, 56 (67%) were offered the 
programme. Out of these 56 girls, 25 (45%) 
accepted. All but four were seropositive and these 
four girls were vaccinated. Thus by the end of the 
programme 528 (90%) of third year girls had either 
been vaccinated or were known to be seropositive. 


Discussion 


It rs a matter of urgency to increase rubella 
vaccination uptake in schoolgirls. Introduction of 
the triple measles, mumps, and rubella vaccine will 
still require further selective vaccination unless 
childhood uptake levels are raised rapidly.* 

The different uptakes between the schools largely 
reflect the enthusiasm of the individual school nurses 
as the school populations are similar. School 5 had 
already achieved 100% uptake in those under 
14 years of age because, of the nurse's persistent 
efforts. 

The 'sweeping-up' programme was offered to all 
the 19 eligible girls in school 2, while in schools 1, 3, 
and 4 it was offered to 24 (59%), six (55%), and 
seven (58%) of those eligible, respectively. The 
nurse needs to be highly motivated to keep her own 
records up to date, to search through the school 
medical records, and look for missing records when 
the mobility of the population 1s estimated at 20%. 
Girls often playing truant makes contact very 
difficult. 

The nurse in school 2 was particularly successful 
and enthusiastic because of the poor uptake between 
11 and 13 years (72%). In her school a higher 
prcportion of eligible girls participated in this 
prcgramme than in schools 1, 3, and 4. Non- 
participants included truanters, refusers, and failures 


Outcome of rubella vacanacioc prcgramme in girls, 14 years and over, attending the five schools studied 


2 3 4 5 Total 
69 88 93 83 586 

50 (72) 77 (88) 81 (87) 83 (100) 503 (86) 
19 11 12 

19 6 7 0 56 

i 3 2 0 25 

61 (87) 80 (91) 83 (89) 83 (100) 528 (90) 


to return consent forms. Consent was asked for both 
serotesting and vaccination, although some parents 
may have preferred to decide about vaccination 
once the immune state was known. Starting this 
programme earlier in the term may have given more 
time for follow up, including personal contact by 
phone or home visits. 

All those who wanted to participate were able to 
as the clinical medical officer went to the school on 
an individual basis, rather than for an immunisation 
session. For example, two girls were vaccinated 
after they signed the morning register and before 
they played truant that day. In agreement with 
others,” the finger prick was found to be acceptable 
to most schoolgirls and allows easy collection of 
blood for serotesting. 

In girls 14 vears and over serological testing 1s 
currently recommended because of the risk of 
unnecessarily vaccinating a pregnant woman. Recent 
studies have not been able to show an association 
between congenital rubellasyndrome and vaccination 
during pregnancy or before conception.? Schoolgirls 
who play truant are likely to miss vaccination and 
may be at risk from an unplanned teenage pregnancy. 

Although only four non-immune girls were identi- 
fied, all were subsequently vaccinated, and the 
percentage of those known to have been vaccinated 
or immune increased from 86% to 90%. It is better 
to vaccinate late in secondary school than to rely on 
girls attending their general practitioner or antenatal 
clinic. As schoolchildren are accessible by the school 
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health service until they are 16 years old, it must be 
the responsibility of each community paediatrician 
to continue the rubella vaccination. programme 
beyond 13 years of age, even though it involves 
serological testing to fall within the Joint Committee 
on Vaccination and Immunisation guidelines. 


I thank the school nurses, Dr MC Kelsey, microbiology department, 
Whittington Hospital, London for help and Dr CL Miller and 
Dr ON Gill, Public Health Laboratory Service Communicable 
Disease Surveillance Centre, London for their advice 
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Controversy 


Ribavirin in respiratory syncytial virus infection 
A double blind placebc controlled trial is needed 


At a recent workshop on infection tre indications 
for nbevicin were discuss2d Ribavinr has recently 
been liceased for hospital rse in the Jnited King- 
dom hav ng previously been availabe only on a 
named patient basis. Nebulised mbaririn is being 
vigorotsly promoted b; the Unied Kingdom 
merketrs company, Britzania Pharmzceuticals, for 
selected use in respirascry syncytial vizus infections 
larzely Eased on the 1235 guidelines of the Amer- 
ican Academy of Ped:atriss (AAP)! The AAP 
suggest that nebulised ribavirnn shculd be con- 
sidered ‘or the following patients with proved 
infcticn by respiratory syacytial viras. 
(1, Patients at higa risk: infants wth congenital 
heaz: disease, broncLopulmorary dysplasia and 
othe- chronic lung z25ac-tions, cerzain premature 
infarts, children with immure deficiency 
(expecially sever2 combined .mmune de- 
fidency), recent transplant recipients, and 
those on chemoth2rzpr for malignancy; 
(2: Severely ill irfants: those wth PaO, con- 
cej—ations of «56 xPe or “sing PaCO, 
conzentrations; 
(31 -nfants with mild disease which may pro- 
2s: infants under 6 weeks of age and those 
with an underlying condition such as multiple 
congenital anomalies, nevrclogral or meta- 
bclic diseases. 

Although one of us Bas previcus_y reached similar 
conclusicns to the AAF* we are concerned that the 
climate —f opinion, certam!7 in the Urited States, is 
teadinz © imply that tas case fcr ribe~irin is proved 
and clinical trials are ae longer ethiczl. 

There is evidence tiat mfants wth congenital 
heart disease? and zulécen with compromised 
in-murit?* have an inc-essed mortality from respira- 
to-y s"n-ytial virus infection. The seventy of the 
incection in preterm infants and the degree to which 
th» lower respiratory tract is aifeced seems to 
increase with postnatzl <ge.*’ In onz study four of 
27 neonates who contracted respiratory syncytial 
vi-us Cied, two of them suddenly enc unexpectedly, 
al:houz the. role of tas virus was unzlear.? 

The mortality of fu ] term inzants without under- 
ly ng disease who are wspitalised wth respiratory 


syncytial virus infection is less than 1%.° Controlled 
tria& of the use of nbavinn in such infants show 
mocest improvement in clinical parameters and 
oxyzenation,” |! which although statistically signifi- 
can’ is of doubtful clinical significance. Nasal 
shedding of respiratory syncytial virus was reduced 
in cnly one of the four studies and may anyway not 
reflect bronchiolar titres of the virus.? The total 
number of treated infants in the four controlled 
trias is 62. No children in treatment or control 
groaps died and there was no reduction in hospital 
stay in the only study which recorded this." 

MacDonald et al reported a mortality of 37% in 
infents with:congenital heart disease and infection 
with respiratory syncytial virus,? but Hall et al, in a 
prospective trial, reported that none of seven infants 
with congenital heart disease or bronchopulmonary 
dys»lasia, or both, who received placebo and none 
of ix who received ribavirin died.!^ It is possible 
tha. earlier recognition and improved conventional, 
supportive treatment of respiratory syncytial virus 
infection 1n infants with cardiopulmonary disease 
ma be more important than any antiviral treat- 
meat. 

There are anecdotal reports of nebulised ribavirin 
clezring persistent respiratory syncytial virus and 
parainfluenza virus infections in immune deficient 
chidren who could subsequently receive bone 
ma-row transplants.? !^ Such children are few in 
nuriber and a controlled trial would be impractical. 
Mcst would agree that infection by respiratory 
symytial virus in a child with severe immune 
deficiency is an indication for ribavirin treatment, 
but there is no evidence that children on chemo- 
therapy for malignancy are helped by ribavirin. 


. 0 our knowledge there is no firm evidence that 
ribavirin reduces mortality, even in ‘high-risk’ 
grcups, nor that it obviates the need for artificial 
ver tilation or reduces duration of hospital stay. 


Ribavirin may prevent long term morbidity, but 
the results of trials are awaited. There is insufficient 
experience on which to base assertions of its safety, 
pa-ticularly with regard to long term toxicity. The 
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cost in the United Kingdom is just over £500 for the 
recommended three-day course. 

In our opinion the only way to resolve our doubts 
is a multicentre, double blind, placebo controlled 
trial of nebulised nbavirin for infants with pre- 
existing cardiopulmonary disease and babies under 6 
weeks old who develop proved respiratory syncytial 
virus infection. The main hypotheses to be tested 
are that nebulised ribavirin reduces the need for 
artificial ventilation, shortens hospital stay, and 
reduces mortality in one or both of these two 
groups. Pending the results of such a tnal we would 
respectfully urge paediatricians to be circumspect in 
the use of an expensive drug that we do not feel has 
been proved to be of undoubted benefit. Our efforts 
in the intenm would be better directed towards 
prevention of nosocomial respiratory syncytial virus 
infection, particularly of high risk patients, by 
improved handwashing and other infection control 
measures, and towards early identification and 
supportive treatment. 
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Reply from Dr Snell: 


I am grateful for the opportunity to respond to the 
thoughtful article from Dr Isaacs and his coauthors 
regarding the use of nebulised ribavirin in respira- 
tory syncytial virus infection In essence, they 
express doubts regarding the value of nbavirin and 
feel that a further large scale clinical trial should be 
carried out, in infants with pre-existing cardiopul- 
monary disease and neonates (‘high risk infants’), in 
order to convince them of the efficacy of ribavirin in 
this situation. 

The authors review only four published studies, 
including 62 treated infants, implying that no other 
data are available. This is not the case, as published 
data are available which document at least 175 
infants treated with ribavinn, 128 1n double blind, 
controlled clinical trials, and all these papers were 
made available to Dr Isaacs. In addition, further 
studies have been carried out which are not yet 
published. 

The United States and the United Kingdom 
licensing authorities, who had access to all the 
existing data, published and unpublished, have 
granted product licenses for nebulised ribavirin in 
the treatment of infants and children with severe 
infection by respiratory syncytial virus. In so doing 
they have accepted the efficacy of the drug (in 
comparison with placebo) and its safety (as judged 
on a risk/benefit basis). The trials completed to date 
have shown statistically significant improvements in 
comparison with controls, 1n severity of illness," ^ 
signs and symptoms, ? ^ resolution rate, 7 
oxygen saturation,"? need for supplemental 
oxygen,? days requiring assisted ventilation,® need 
for therapeutic interventions,’ duration of viral 
shedding, ^? and IgE response to infection !? No 
serious toxicity was ascribed to ribavirin in any of 
the published reports, controlled" or open, !!-!4 
and none has been reported to the United States 
Food and Drug Administration, although some 
30 000 infants have now received nebulised ribavirin 
treatment. 

To clarify one specific point that has been raised; 
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in the study of Hall et al cf ‘h gh-risk” inzants,” those 
infants considered to te at highest risk were not 
entered into the placebo cortrolled study (this was 
not considered acceptatl2), but treated openly with 
ribevirin. Thus the study population wes not analo- 
gous to the group in which a 37% rrortality had 
previously been showm. It may be noteworthy, 
however, that all these nfanzs most at -isk, who all 
received ribavirin, survived, in contrat with pre- 
vious exper.ence. 

Er Isaacs and his coacthor: consider that a further 
placebo controlled stucy should be czrried out in 
‘high-risk’ infants to assess effects cn need for 
assisted ventilation, du-atiom of hosp-al stay, and 
mo-tahlty beneficial eftects on the firsEtwo of these 
parameters have already been shown runpublished 
data)? and are being add-essed again in a large scale 
study wh:ck is planned to take place :3 the United 
Kingdom (rot in high risE infants) in the next winter 
season. This study includes a one year follow up to 
assess bcth long term teneft and azy long term 
adverse effects; again, Dr Iseacs was made aware of 
this planned study befo-e finalising tre article for 
the Archives. 

Eeneficial effects on mortelity zan orly be shown, 
by definition, if a number c infants iz the placebo 
group die. For this reascn, I cannot aczept that it is 
eth cal to carry out a placebo controled study in 
higa risk infants, where half the paticats would be 
deried a treatment whose beneficial effects have 
already been shown (aad accepted bv several very 
critical licensing authorities) in the ex-ectation that 
some would die. I very ruch doubt the” such a study 
design would be acceptable to any local ethical 
corimittee, nor can I believe that any parent could 
giv2 a truly informed coasent for their sick child to 
participaze in such a study under tiese circum- 
stances. The feeling that further placebo controlled 
trizls would not be ethxcal has been =xpressed by 
other experienced ressarcbers in thi: field,’ and 
recent incormed opinion appears to support the view 
that the 2fficacy of nbaviric in infante with cardio- 
pulmonary disease is proved and that ¿1 such infants 
hospitalised because of resoiratory syncytial virus 
infection should receive ribzvirin treatment.’ 

I see no ethical dilemma, however, im carrying out 
rardomised, placebo conticlled studies in subjects 
wh» are nat severely 10 anc do not fal into one of 
the ‘high risk’ categories, in whom mcrbidity will be 
low and mortality shou:c be zero, provzled these are 
designed to address sutf ciently important questions 
rel:vant to the mode o? action of the dzug, its safety 
and efficacy. 

Future research apprcachzs cculd usefully include 
studies of modified dosage -eg-mens- animal data 
suggest that increasing the dose of r-»avirin in the 


aero=ol and shortening the duration of administra- 
tion may produce equivalent therapeutic benefit to 
the currently recommended schedule.'® 

2 one could argue with the author's final 
statement that efforts should be directed towards 
prevention of nosocomial infection by respiratory 
syncytial virus, but the real question is whether 
effective treatment should be withheld from those 
infants who, despite all control measures, contract 
severe disease. Here, I would fully agree with the 
opirion recently expressed by Dr Isaacs himself: 
. . . In infants with cardiopulmonary disease and 
resparatory syncytial virus infection, there is clear 
evidence of clinical benefit and minimal toxicity . . . 
I believe nebulised ribavirin is indicated in such 
children’. 1” 


N J C SNELL, MRCP, DA 

European Medical Director, Viratek Inc 
ICN Biomedicals Ltd, 

Free Press House, Castle Street, 

High Wycombe, Bucks HP13 6RN. 
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Randomised trials and ribavirin 


‘Uncertainty’ about whether to use a treatment is 
the basis of all randomised controlled trials. Indeed, 
it can be argued that it 1s unethical not to randomise 
when there is uncertainty because this ensures that 
only 50% of current patients will receive whichever 
turns out to be the worse management, quite apart 
from the benefits which accrue to those who have 
the illness in the future. 

Should paediatricians be uncertain whether or not 
to use nbavirin? The articles on the previous pages 
certainly suggest that there are widely varying 
beliefs about the place of this new drug in everyday 
practice, and variations in practice are a measure of 
‘collective’ uncertainty. Individually, paediatricians 
should decide by critically appraising the evidence 
which 1s ‘in the public domain’ for themselves. 
(There are understandable commercial and other 
reasons why a company may choose not to publish 
data about a new product, but Dr Snell must 
recognise that these data cannot then be used as 
‘public’ support for the product). Most weight 
should be given to the randomised controlled trials. 
The weakness of using historical controls 1s illus- 
trated by the apparent change over time in the risk 
of death due to respiratory syncytial virus 1n infants 
with congenital heart disease treated conservatively. 
Comparisons using concurrent but non-randomised 
controls are also highly prone to bias. The five 
properly reported randomised controlled trials in- 
cluded only 76 children treated with ribavinn. They 
are ‘efficacy’ or ‘explanatory’ (can it work?) trials. 
That is to say, small numbers of patients were 
investigated in a tightly controlled environment and 
outcome was assessed by short term surrogate 
measures such as illness severity scores and arterial 
oxygen concentrations These trials do suggest a 
benefit in these respects, but the clinical significance 


of this is unclear, particularly in the longer term. Dr 
Isaacs and his colleagues (p 986) call for a much 
larger ‘effectiveness’ or ‘pragmatic’ (does 1t work?) 
trial to assess ribavirin in everyday practice in terms 
of clinically more meaningful outcomes such as 
length of time on a ventilator and length of stay in 
hospital Improvement ın these terms could offset 
the high financial cost of treatment. 

The possibility of unanticipated adverse effects 
of nbavirin must also be included in the appraisal. It 
is reassuring that licensing authorities in the United 
Kingdom and the United States have given ribavirin 
a (limited) licence, because these authorities are 
primarily concerned with drug safety Nevertheless, 
the Committee on Safety of Medicines has made 
special reporting a requirement for ribavirin and the 
marketing data sheet does mention the possibility of 
serious side effects in the short term. Furthermore, 
larger numbers of children must be followed up for 
much longer before rare, but serious, long term 
adverse effects can be ruled out with any confi- 
dence. 

On the basis of the limited evidence currently 
available paediatricians are likely to come to differ- 
ing conclusions about the effectiveness and safety of 
ribavirin. Some may feel that ribavirin must be used 
in some clinical situations, others may conclude that 
on present evidence, it has no place in everyday 
practice. But I suspect that many will be uncertain 
whether they should use ribavirin for respiratory 
syncytial virus infection, even for children who are 
most severely affected or most at risk. If so, this 
uncertainty can only be resolved by large ‘pragma- 
tic’ randomised controlled tnals as called for by Dr 
Isaacs and his colleagues. 


ADRIAN GRANT 

EPIDEMIOLOGIST 

National Perinatal Epidemiology Unit, 
Radcliffe Infirmary, 

Oxford OX2 6HE. 


Response 


Dr Snell reaches different figures from us on the 
number of children who have received ribavirin in 
controlled trials because of our different interpreta- 
tion of what constitutes a quotable controlled trial. 
But this 1s quibbling: our point was that thousands 
have been treated on the basis of relatively little 
controlled data. To use the granting of a product 
licence by licensing authorities as evidence of 
efficacy is novel but scientifically unacceptable. 
We do not believe that Dr Snell has refuted our 
three main points, namely that there 1s no evidence 
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for nbaunn decreasmm the aeed for artificial 
ventilation, reducing Fospital stay, or reducing 
mcrtalcy In attemptrg -o refute the first two 
ponts, hz quotes a 1955 meeting abstract never 
pu»lished as a paper and 'unpublished data’. 

Dr Sreil’s argument tnat it would be unethical to 
tes: the h. pothesis that -ibavirin saves lives because 
babies would die in the trial 1s an old one and has 
been usec in the United Stztes.! It presupposes that 
ribavirm -loes save lives. If this 1s the case, then a 
trit] will prove to aM doubting paediatricians, 
induding the zuthors cf this letter, that the drug 
should te used for ‘at zisk’ patients. But ribavirin 
megy ccnceivably increase mortality bz» aggravating 
bronchoconstriction or by prec. pitatimg in ventila- 
tor tubanz. A significant reduction in the need for 
artificizl 7entilation in ‘at risk! infante would, how- 
ever, Ee an mr portant Anding which might justify 
early vsz of ribavirin in such infan s. Until this 
ev:dence is available, however, we dc not consider 
the roctime use of ribav:ru in ‘at risk" infants to be 
justified just because r bavirin may be useful. Dr 
Sn2ll’s proposed large zcale study on lcw risk infants 
doss no: address these points. 

Althoxh one of us previously suggested that 
ritavirn was indicatec .n some ‘at risk’ infants, he 


alsc suggested that further controlled tnals are 
neeJed.^ Ribavirin has not been used in Oxford and 
there have been no deaths from respiratory syncytial 
vircs infection in the last three years although 16 
babies have required artificial ventilation. We are 
alarmed that in the United States ribavirin is widely 
used even for low risk infants, but would note 
tha: Ellen Wald and colleagues at Pittsburgh have 
recently come to very similar conclusions to u^ 
regarding the inappropriateness of treating low risk 
infents with ribavinn, the paucity of controlled data 
on high risk infants, and the need for large, 
controlled clinical trials. 
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Personal practice 


Renal failure in the newly born 


J T BROCKLEBANK 


Department of Paediatrics and Child Health, St James's University Hospital, Leeds 


When urine output is absent or reduced and 
azotaemia develops renal failure is said to have 
occurred. It is acute if it happens over a period of 
days or weeks and chronic, often irreversible, when 
it takes months or years. Renal failure in the newly 
born infant is unique as it occurs after a period of 
intrauterine life and in a setting of immature renal 
function so that renal failure due to major anatomical 
abnormalities such as renal agenesis can present in 
the newborn as an acute problem 

During intrauterine life the placenta performs all 
the excretory functions necessary to maintain nor- 
mal fetal homoeostasis. The primary function of the 
kidney is the maintenance of normal amniotic fluid 
volume and the overall renal function of the fetus is 
low. Even when there is bilateral renal agenesis, 
azotaemia does not become evident until sometime 
after birth. At birth glomerular filtration rate 
averages 0-84 ml/minute/kg. It increases rapidly and 
doubles by the third week of life as the perfusion 
and function of the superficial cortical nephrons 
increases with greater renal plasma flow.’ 

All functions of the kidneys of normal newborn 
infants operate very close to their maximum capacity. 
Under normal circumstances in a healthy infant this 
is not clinically important but there 1s a limited 
ability to vary renal function in response to stress. 

It has been recognised for many years that a 
newborn has a limited ability to excrete a sodium 
load. This ıs probably due to enhanced distal 
tubular sodium reabsorption and high plasma aldo- 
sterone concentrations." In contrast the immature 
kidney loses salt and premature infants often be- 
come hyponatraemic due at least in part to immatur- 
ity of the tubular glomerular feedback mechanism.? 

In response to severe dehydration the newborn 
kidney is unable to increase urine osmolality above 
700 mmol/kg. This is largely due to the concentra- 
tion of urea in the renal medulla. The ability to 
concentrate the urine increases with dietary protein 
intake. Conversely the newborn has an impaired 
ability to excrete large amounts of free water 
particularly during respiratory distress syndrome.’ 
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It is also well known that the newborn easily 
becomes acidotic in stressful situations This is 
mainly due to immaturity of net acid secretion? 
Consequently these infants are more susceptible to 
the metabolic insults associated with increased acid 
load and are unable to maintain normal homoeostasis 
under stress. 


Diagnosis 


The cardinal feature of acute renal failure 1s 
azotaemia with or without oliguria. 

Blood urea concentration is influenced by many 
extrarenal factors including dehydration and protein 
catabolism, and the plasma creatinine concentration 
is a more reliable index of glomerular function. At 
birth the plasma creatinine concentration (measured 
by the kinetic Jaffe reaction) approximates to that of 
the mother and ranges from 17 to 188 pmol/l. The 
concentrations fall | rapidly and by the second week 
average 35 umol.’ Interpretation of a single plasma 
creatinine concentration during this time is further 
complicated by analytical interferences caused by 
unconjugated bilirubin (causing falsely low concen- 
trations), ketones, and many drugs—for example, 
cephalosporin (which causes falsely high concen- 
trations). For these reasons plasma creatinine rising 
consistently by more than 20 umol/l/24 hours is more 
important than a single high concentration. 

The onset of urine flow in term babies is variable 
but is normally within the first 48 hours. Undetected 
spontaneous voiding during delivery may explain 
apparent anuria. Oliguria in the neonate is generally 
defined as a urine flow less than 0-5 ml/kg/hour. It is 
important to recognise, however, that renal failure 
can occur with normal urine flow rates of between 
1-3 ml/kg/hour. The table shows a checklist of 
information that is needed in evaluating oliguria. 

Haematuria is an unusual finding in the normal 
newborn, although about 10% will have a result of 
up to 1+ on dipstick testing (equivalent to 10 red 
blood cells/ul). Protemuria is rare but when it is 
present it 1s abnormal if the result on dipstick 
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Teble Informanon requized wien evalucting oliguria in 
neonates 


Cifhhical: — Lady fasting weight 

Blood pressure 

Evidenze of infecuon 

Lrugs ia) nephretoxic—treatment scopped 


(b) excreted by the kidney—lose adjusted 


F:ow rate (ml/kg/1our; 

Routine unnalySs—ticcd, protein, microscopy 
Sodium, creatini e, ardurea concenteations, osmolality 
Culture 


Urea, creatinine sodium, potassum. chlonde, 
bicarbonate, calzium magaiesium, and glucose 
concentrations »smceizhity 

Culture 

Arterial pH 


Chest x ray 
Renal ultrasouac 





testing is 2reaier thar 2+." ! False positives for 
proteir may occur when sp2czimens axe collected in 
vessels containing residual disinfectants based on 
quartermary ammonium. compounds or zhlorhexidine. 
Urine -ricroscopy 1s impor:znt to identify red cells 
arci casts Red cell and granular casts may be seen in 
ncrma urine put more than cne per hizh power field 
is abnormal. !? Carefu microscopic ezamination of 
thz urme particularly for Cequent boad cast, red 
cels, and sigmficant proteinuma are important 
features of parenchymatous renal disease. 

Chemical analysis 5f the uzine kas also been 
suzges-ed to help distinguish between parenchyma- 
toas renal failure and decreased remal perfusion. 
The most generally used indices are the fractional 
excretion of sodium (Fay, : 


Urine sociam X plasma cceatinine 


N* Plasma scdim x urine cseatinine 
amd the renal failure index (RFT) 


Unne sodium concentration X plasma creatinine 
Urine creatinine 


R-I- 


Normal values for both are the sam=2 and a renal 
falure index or frachonzl excreticn of sodium 

zater than 3 1s saic to suggest parenchymatous 
renal failure. A urine t5 plasma osmolality ratio of 
less than one has been found in aewbcrns with renal 
fadure and may be he pfu. in distinguishing acute 
renal tailure from the syndrome of inappropriate 
amtidicretic hormone. 7 The results oz these indices 
arə usv ally difficult to rterpret, however, due to the 
efects cf zhe immatunty or the uray concentrat- 
ins mechanism, the effects of low p-otein diet on 
urne osmolality, and the uzh urnary sodium 
excretion in premature »abies.? More often than not 


the diagnosis of parenchymatous renal failure or 
hypovolaemia is made on the basis of sound clinical 
judzment supported by simple urine analysis and 
microscopy. The diagnosis of hypovolaemia may be 
sugzested when the blood urea is raised out of 
proportion to the plasma creatinine concentration. 
The urine indices are often unhelpful. The diagnosis 
may be further complicated by the knowledge that 
hypovolaemic renal failure may progress to renal 
parznchymal failure. 


Inc.dence 


It 1: difficult to estimate the true incidence of acute 
renal failure in the neonate. It has been calculated 
tha- 6% of babies admitted to one neonatal inten- 
sive care unit had renal failure !^ In the Yorkshire 
regon an average of seven newborn babies are 
dia vsed each year because of acute renal failure (0-2 
per 1000 live births) but many more are managed 
corservatively and not referred for dialysis treat- 
meat This comprises 25% of all children dialysed in 
the Yorkshire region for acute renal failure each 
year. 


Aetiology 


Because of the unique circumstances of the new- 
born, major anatomical abnormalities of the kidneys 
anc urinary tract may present as acute renal failure. 

Kilateral hydronephrosis due to urethral valves 
cam now be detected by skilful antenatal ultrasound 
examination of the fetus and as a result it is no 
lonzer the acute medical problem it was. Bilateral 
rere] hypoplasia or dysplasia may not progress to 
renz] insufficiency until several weeks after birth, 
altLough in severe cases the features of Potter's 
syndrome or pulmonary dysplasia will be im- 
mediately apparent. 

Aggressive modern intensive care has resulted in 
the resuscitation of many ill newly born term and 
extremely premature infants. In these children the 
aet ology of acute renal failure 1s often complex. 
Rezviratory distress syndrome „appreciably de- 
presses glomerular filtration rates, „and renal failure 
develops after severe asphyxia. ? Renal venous 
thrombosis may complicate any severe illness 1n the 
newborn particularly if there 1s a history of sepsis, 
mazernal diabetes, or prediabetes. Undetected 
hypotension in the baby after antepartum haemor- 
rhage and septicaemia, particularly if treated injudi- 
cioasty with nephrotoxic antibiotics, are also impor- 
tani causes. Congenital heart disease is the single 
commonest abnormality associated with acute renal 
failure In the Yorkshire region it accounts for 25% 
of “he babies with renal failure in the first month of 


life. Anomalies with left ventricular outflow tract 
obstruction or a prolonged period of cardiopulmon- 
ary bypass are associated with increased risk. ? 


Management 


A successful conclusion to the management of renal 
failure 1n the aeonate requires ready access to the 
expertise of a neonatal intensive care unit and the 
combined skills of a neonatologist, paediatric 
nephrologist, surgeon, radiologist, and biochemist. 
It is unwise to attempt treatment without this team. 

Obstructive uropathy and other anatomical ano- 
malies of the urinary tract must be excluded by an 
abdominal ultrasound examination and the bladder 
catheterised with a fine feeding tube. This also 
allows the accurate measurement of the urine flow 
rate facilitating fluid balance management. If there 
is doubt about the extent of a prerenal component 
then there are those who suggest a fluid challenge of 
10 ml/kg of isotonic sodium chloride solution over 
an hour or a mannitol infusion.” Both are potentially 
dangerous and should only be done when there is 
ready access to dialysis. The use of frusemide 1 mg/kg 
body weight has been well established in the treat- 
ment of acute renal failure in adult patients but 
there is no evidence of its value in the newborn." It 
does have the virtue, however, of being relatively 
safe. If in doubt it 1s much wiser to restrict fluids 
from the baby for 24 hours by which time the 
diagnosis is usually more clear. 

Meticulous attention to the details of fluid and 
electrolyte balance are fundamental. Water losses 
from urine, gastrointestinal loss, and urine output 
should be calculated and replaced. The insensible 
water loss of a normal newborn is estimated to be 
50 ml/kg/day.'® One third of this 1s respiratory loss, 
which is negligible during artificial ventilation. 
Insensible fluid loss is 30% greater under radiant 
heat incubators than in conventional incubators.’ 
Sodium or potassium replacement are usually un- 
necessary in oliguric renal failure unless there are 
appreciable gastrointestinal losses, but correction of 
the acidosis is important. This requires a combina- 
tion of skilful ventilation and sodium bicarbonate 
supplementation to keep the blood arterial pH as 
near normal as possible. The amount of bicarbonate 
required varies depending upon the seventy of the 
acidosis but it should be remembered that one mmol 
of sodium is given with every mmol of bicarbonate, 
and the infusion of bicarbonate carries several risks 
including cerebral haemorrhage. Severe acidosis in 
renal failure is often best treated by early dialysis. 

The strict fluid restrictions seriously limit a baby’s 
nutrition, and hypoglycaemia 1s a common com- 
plication. A vigorous attempt to maintain a caloric 
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intake of at least 0-21 MJ/kg/day should be made if 
necessary by parenteral nutrition. This may be 
difficult within the restrictions imposed by the fluid 
allowance and early dialysis treatment is often 
necessary so that adequate nutrition can be main- 
tained. 

Poor nutrition leads to catabolism, which aggra- 
vates the acidosis and hyperkalaemia Conservative 
measures to lower plasma potassium concentrations 
with glucose infuston (insulin often induces severe 
hypoglycaemia and is not recommended) or ton 
exchange resins (1 g/kg body weight in a 10% 
mannitol solution) are effective for only a few hours 
and are at best temporary measures while prepara- 
tion 1s made for dialysis. Hypocalcaemia and hypo- 
magnesaemia are frequent findings in acute renal 
failure,” and potentiate the toxic effects of hyperka- 
laemia on the heart. It 1s important to maintain 
plasma concentrations of calaaum and magnesium 
within the normal ranges with 10% calcium glucon- 
ate (0-5-1 ml/kg over two minutes) 

The drug chart should be examined, nephrotoxic 
drugs stopped and those known to be excreted by 
the kidney carefully controlled by frequent measure- 
ments of blood concentrations whenever possible 

Infection is often associated with acute renal 
failure either as a cause or a complication and 
should be excluded by urine and blood culture. 

Dialysis treatment 1s indicated when there is fluid 
overload, severe acidosis (pH less than 7-2), hyper- 
kalaemia, and progressive uraemia. Fluid overload 
when associated with gross penpheral oedema, 
hypertension, or pulmonary oedema requires treat- 
ment by early dialysis. It 1s often necessary to 
remove fluid to 'make room' for infusions of 
ionotropic drugs, blood, nutrition, or other essential 
supportive drugs. Severely ill oliguric newborn 
infants readily become acidotic. Sodium bicarbonate 
infusion can be hazardous in these circumstances 
and it is wiser to initiate dialysis treatment early 
rather than infuse bicarbonate, which will result in 
further fluid overload 

A plasma potassium concentration of 6-0 mmol/l 
or more and a blood urea of greater than 10 mmol/l 
that is rising by more than 6 mmol/l a day indicates 
catabolism and rapidly progressing uraemia, and it 
should prompt referral for dialysis treatment. 

Peritoneal dialysis is the method of choice in the 
neonate It 1s a simple technique but not without 
difficulties even in the most skilled and experienced 
hands. The most often encountered complications 
are failure to achieve satisfactory drainage of 
dialysate and peritonitis. There 1s a risk of perfor- 
ating a major vessel in a paralysed baby on a 
ventilator. Water and urea are removed efficiently 
and in most cases the acidosis improves rapidly, but 
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occasionally it does nct. Ths is probably because 
standard peritoneal dia ysis solutions have lactate as 
the source of bicarbonate. Some infants, especially 
those viin a severe lectic acidosis, ace unable to 
metabolize it and remain acidotic despre dialysis A. 
bicarbonzte dialysis sclitioa would te preferred, 
but is no- manufactured, and an acetate solution, 
which hac some theore-izal advantages, is no longer 
manufactured. 

Haemod:alysis is diff.cult -r- the new3orn but may 
be necessary if peritoneal dialysis is not possible 
because of abdominal surgery or other technical 
difficulues. Vascular access s usually echieved by a 
Hickmen Ime inserted in the external jugular vein. 
Treatm2nt is usually for two zo three hours at a time. 

Cont maous arteriovenous  aaemcfiltration is 
being used increasingly in the newoorn.? This 
method requires the cathecerisation Df an artery 
(usually -he femoral >æ uxbiLcal acteries). The 
blood pezzses continuously, often for 24 hours or 
more, across a smell haemofilter comprising a 
number of hollow fibres. and is then recurned to the 
baby's zers. The filtrate tret is produced is mea- 
sured, discarded, and simultaneously re placed by an 
approp-ixXe volume of elec-rolyte solution. It is a 
gentler procedure than Aaemodialysis and we have 
found i: t5 be a simple and effective zlternative to 
periton2a. dialysis, par-cular.y in babes with renal 
failure afer cardiac surgery. 


Prognosis. 


The prognosis reflects -ke nature of tre underlying 
cause of zcute renal fai vire. Three quarters of those 
who develop renal falure after permatal anoxia 
survive bu: 4075 of the survrvors had e ther cerebral 
or renel damage.!? In contrast 75% of newborns 
who had renal failure afer zardiopulmonary bypass 
surgery ded and 50% of tke survivors had neuro- 
logical demage.’° 

Dunng the last two years we have dialysed 14 
neonates. Eight had medica_ causes of renal failure: 
four after sepsis, two alter Fypovalamz shock from 
antepartum haemorrhege, and two bezause of pre- 
maturity ard asphyxia; of these two died. In contrast 
six neoaaces were dialysed afer surgical procedures 
for conzeartal anomalies: three after cardiopulmon- 
ary bypass surgery, twc with diaphragmatic herniae. 
and ore with prune telly syndrom: with renal 
dysplas.a: of these three died. 

Up to 40% of the survivors may hæve decreased 
creatinine clearances and a smaller proportion will 
have a -2nal tubular ecidosis or a -oncentratin 
defect indicating residua: renal tubular cysfunction.! 

The :ncrzasing vigour wita which neonatal inten- 
sive cape s being applied has resulted <n an increase 


in acute renal failure. Treatment 1s a challenge and 
can be rewarding as the results and techniques 
imp-ove. One must be constantly mindful, however, 
of che painful consequences of the long term 
neulogica] and renal complications before 
emtarking upon a course of treatment that can be 
difficult to stop. 
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Tuberculosis in children 

Sir, 

We were interested to read the two articles recently pub- 
lished in Archives from the Medical Research. Council 
Tuberculosis and Chest Disease Unit! and Packe and 
Innes * We were particularly interested in the comments 
on tuberculous meningitis in children. 

We have recently reviewed the cases of tuberculous 
meningitis seen at the Royal Hospital for Sick Children, 
Glasgow.? Between 1968 and 1986, 15 children were seen 
because of this condition Fourteen were white and only 
one was Asian The mean age at presentation was 2 years 
(12 months to 12 years) and none had received BCG vacci- 
nation In 12 children close contact with other cases of 
tuberculosis was identified 

It 1s clear that the practice of offering BCG vaccination 
to children at 13 years of age was too late to protect the 
children we studied from acquiring the infection Routine 
BCG vaccination of all neonates was stopped in Glasgow 
in 1974 and since then has been offered only to babies of 
Asian or Chinese origin. This may partly explain why most 
cases of tuberculous meningitis seen in our hospital occur- 
red in white children 

We agree with the recommendation of the World Health 
Organisation that the use of BCG vaccination should be as 
early in life as possible and stress that any abandonment of 
such policy must be accompanied by meticulous case 
reporting and contact tracing if more cases of this serious 
condition are to be avoided. 
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Total parenteral nutrition and sepsis 


Sir, 

The paper by Dr Beganovié and colleagues on total 
parenteral nutrition and sepsis contributes httle to our 
understanding of either of these issues.’ Sepsis was 
considered proved by positive bacteriology in 13% of 
infants receiving total parenteral nutrition and 6% of those 
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who did not (the percentages given in the table have been 
miscalculated) Eighty per cent of blood cultures grew 
Staphylococcus epidermidis, Staphylococcus aureus, 
Escherichia coli or group B streptococcus, important 
causes of serious infection in the newborn period, puzzlingly 
described by the authors as ‘fairly benign’ 

We are not told the proportion of patients with a central 
venous catheter for total parenteral nutrition and those fed 
through a peripheral venous cannula The effect that this 
might have had on sepsis rates within the group receiving 
total parenteral nutrition is of considerable practical 
importance Patients receiving total parenteral nutrition 
were almost certainly more likely than enterally fed infants 
to have other sources of infection such as arterial catheters, 
endotracheal tubes, chest drains, etc. The lack of infor- 
mation relating to primary and secondary catheter sepsis 
makes it ımpossible to assess objectively the nsk of 
infection related directly to administration of total parenteral 
nutrition. 

The authors conclusion that ‘the advantages of total 
parenteral nutrition outweigh the disadvantages of sepsis 
in thus group of infants' is extraordinary as no details of the 
advantages derived from total parenteral nutrition or the 
morbidity and mortality associated with sepsis are given. 
The fact that 64% of the study population received total 
parenteral nutrition indicates an astonishingly high 
proportion of neonates in whom enteral nutrition was 
considered to be contraindicated. 

We suggest that the frequent recourse to total parenteral 
nutntion as highlighted in this study does not reflect ‘the 
fact that the commercially available solutions have been 
adapted from premature newborn infants’ so much as an 
uncritical approach to the use of a valuable treatment, but 
one which despite the authors opinions has a more limited 
application than they imply 
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Drs Verloove-Vanhorick and Beganović comment. 


Dr Puntis misunderstood our paper on total parenteral 
nutntion Our aim was, foremost, to provide data on total 
parenteral nutrition and sepsis in a relatively huge cohort 
of very low birthweight or very preterm babies. Obviously, 
in such a nationwide, collaborative epidemiological study 
in a high risk population a single aspect of perinatal care 
cannot be recorded exhaustively. Dr Puntis' criticism on 
lack of certain data seems therefore unwarranted Some 
points, however, may easily be clarified. 
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‘Clinica. sepsis’ was cors&dered to be present if climcal 
and"or haematological signe were recorded. If, in addition 
to these. « positive blood -alture was recorded, the sepsis 
was delnec as 'bacterb ogically confirmed’. Central 
catheter. were used only soanngly in the Netherlands, and 
tote] parenteral nutritior was administered mostly by 
perpheral infusion. Blocc cultures were seldom taken 
roucinel~, even in infams treated by tctal parenteral 
nutzitior. Oaly clinical exiderce of sepsis ~ustifies such a 
Drocedure ir. these very small rmfants. 

Dr Puntis misread the >art £bout causative organisms. 
Far from corsidering these berign, we stated that in infarts 
treeted Ly tctal parenteral rutribon the causative organisms 
were ‘fary benign’ nam2:y, compared wth infants not 
treated hy tctal parenteral rutrx ion, this pont is illustrated 
even beter by our original unpublished tab e, categorising 
the cau-ative organisms >y diraticn of total parenteral 
nuwitiom {see table). 


Taole Causative organsrs of bactzriologal sepsis by 
du-atior. of sotal parentercl nu: ton, as per-entage of cases 
in zach gorp 


Dwator S epidermidis S aureus E cch  Strepto- Omer 
of otal COCCUS 
pamenterel group B 
nurition. 

(dcys) 

0 4 oO 25 29 32 
1-7 27 E 19 16 19 
8-28 36 z6 20 7 11 
> 67 I7 — — 16 


Quite correctly, Dr Puaris coimts out thet no conclusion 
can be drawn from our deta as to the aet ology of sepsis 
reiated to total parentera. autr Lon. As the administration 
of total parznteral nutnt cn, however. both by peripheral 
am] by central systems, -arrms the risk of introducing 
mizro-crganisms by infected fuids' or systems,’ a causal 
re atior :s plausible. In zcdition to the strong association 
between sepsis and total par2ateral nutition emerging 
from oar multivariate stamstical analysis tais justifies our 
coaclusien that total parzateral nutrition is an important 
risk factor “or sepsis in sich irfants 

We dc not share Dr 2?untis view that total parenteral 
nutrition was overused. Lhe study populztion contained, 
by defininon, almost exclusively .nfants with immature 
dizestive systems, which -enders non-use o: total parenteral 
nutriticn the exception. Hext to recent improvements in 
ventila.ary support syste ms, total parenteral nutrition as 
the source of adequate na-nticn is one of tae most obvious 
factors. contributing to the tretled rate of tact survival of 
such irfants in the past 20 yezrs ? 
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Plzsma amino acids in preterm infants 
fea on human milk or formula 


Sir, 

We read with interest the paper by Ventura and Brooke 
and- were surprised that they stated there were few data on 
amiio acid concentrations in babies fed the new low 
birtaweight formulas or on babies fed breast milk.! Two 
yea^s ago we published amino acid profiles on 85 low 
birtiweight infants as part of a randomised controlled trial 
comparing different low birthweight formulas and ex- 
prezsed breast milk ^ Like Ventura and Brooke we found 
higher total amino acids in low birthweight babies fed 
forraulas compared with those fed breast milk, but we also 
showed different concentrations of three amino acids 
depznding upon type of low birthweight formula (table). 


Table Comparison of selected amino acids in formula fed 
balies. Results are mean (SD) 

Amzno acd SMA LBW Premautalac Preaptamil 

(ur olf!) (n=25) (n=25) {n=25) 
Phenylalanine 45 (9) 56 (15) 53 (22) 
Cystine 27 (7) 29 (8) 39 (11) 
Lysine 148 (40) 152 (71) 198 (74) 


Analysis of variance p<0 05 


For these three amino acids, babies fed Preaptamil had 
the highest and babies fed SMA-LBW the lowest concen- 
tracions. 

‘Therefore we feel Ventura and Brooke were wrong to 
grcup together all amino acid results on babies fed 
di€erent formulas as the type of formula may determine 
amino acid concentration. 
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Drs Ventura and Brooke comment: 


We thank Dr Bell and her colleagues for their comments 
We were unaware of their paper when we submitted ours. 
There may well be differences in plasma amino acids 
depending on the type of preterm formula used, just as 
there will be differences tf one formula is fed at different 
volumes. 

The purpose of our paper was not to compare formulas— 
only two infants were fed on formulas other than SMA 
Low Birthweight—but to examine the effects of a relatively 
high protein intake (1n companson with, for example, 
banked breast milk) in very low birthweight infants The 
infants in our study were appreciably smaller than those 
studied by Bell and her colleagues, but even so no 
potentially hazardous amino acid concentrations were 
detected 


Nebuhaler in young asthmatic children 


Sir, 


We read the article by Pool ef al' with special interest 
because inhaled bronchodilators are underused in French 
asthmatic children. 

Bronchodilator repsonsiveness is reliably assessed in a 
pressure-type body plethysmograph (Fenyves and Gut, 
Basel) allowing the measurement of specific airway resist- 
ance (SRaw) even in young children Indeed this method 
does not demand active cooperation.” To measure the 
efficacy of the Nebuhaler we studied 21 asthmatic children 
(mean age 5 5 years, range 3-8) They were randomly 
assigned to either metered-dose inhaler (group A, n=9) or 
Nebuhaler (group B, n=12). Each child was given two con- 
secutive puffs of terbutaline (500 p) according to Reiser 
and Warner's technique for metered-dose inhaler’ and that 
of Pool et al for the Nebuhaler ' 

Basal SRaw (mean (SD)) was similar in group A 
(14-4(8-9) cm H5O/l/second) and B (14-2 (5 8) cm H,O/I/ 
second) Fifteen minutes after inhalation SRaw decreased, 
but not significantly in group A (9-3 (4-3) In contrast in 
group B (Nebuhaler) the decrease in SRaw was highly 
significant (6 9 (2 3), p«0-01, Student's ¢ test and Wil- 
coxon). 

Although the numbers were small these results support 
the idea that in young children (<8 years) even closely 
medically supervised, hand-lung coordination is poor and/ 
or unpredictable whereas pear shaped spacers are efficient 
and ment a wider usage However in children aged 8 
years, properly instructed, metered dose inhalers were 
shown to be as effective and more, practical than spacer 
devices (results not shown) 
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Disposable nappies—a cautionary tale 


Sir, 


Recently a mother brought one of her sons (aged 2 years) 
to casualty having discovered an unusual orange/brown 
jelly like material in his nappy. The material was shaped 
like a flattened ovoid with an irregular surface, some 20 
mm in diameter at the broadest point and 12 mm in width. 
On examination, the child was found to be normal and the 
material sent to the laboratory for analysis. 

On first examination the material resembled faeces but 
was a resiliant Jelly like material which did not smear easily 
on a microscope slide (unlike faeces) and did not take any 
stains for fat or protein It was also resistant to common 
solvents such as water, dilute acids and alkali, ethanol, and 
ether 

A clean disposable nappy was obtained and cut in two. 
The cotton wool was found to be impregnated with a 
crystalline powder which absorbed water readily, forming 
a clear gelatinous mass Use of coloured solutions resulted 
in the jelly retarning the colour, and urine produced a 
substance remarkably like the original material found in 
the child’s nappy 

The advent of ‘stay dry’ nappies where the water from 
urine 1s absorbed and retained has been heralded as a new 
development, contributing to the prevention of ‘nappy 
rash’ In this case, the mother had purchased a batch of 
nappies that were being marketed as rejects It is likely 
that an inherent defect in them, plus the child being left 
unchanged for some time, lead to the appearance of the 
gel. 

Work by one of the manufacturers of such nappies has 
shown that the polyacrylate gel used to retain the water ts 
non-toxic and is unlikely to harm the child As we have 
now had several such cases, we wish to draw your readers’ 
attention to the matter so that mothers who encounter the 
same situation may be reassured that the unusual nappy 
contents have not come from the child. 


D G WILLIAMS, S RICHMOND, and 
M MASSAM 
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Percusswn as an aid to suprapubic 
bladder aspiration 


Sir, 


I read varii interest the article by O’Callaghan and 
McDougzll srowing the value of checking fo the presence 
of urine n the bladder by ultrasound before attempting 
suprapub c »5ladder aspirat cn ! Not having -he benefit of 
ultrasound £57 this purpose | have found gertle percussion 
very helpfu_ I palpate the symphysis pubis and then start 
below tre umbilicus anc percuss gently from above 
downwards. As Nelson ara Peters state," zhe neonate’s 
bladder extends above the symphysis pubis as it fills If I 
encounter dkadder dullness one to two üngerbreadths 
above the sz mphysis, then esprration is wor:h attempting; 
otherwise rot The percuss.on should be gentle because 
vigorous percussion might sumalate the bledder to void 
Another 2itfall to avoid is placing the neecle too close to 
the sympüyzis pubis and d-recting ıt down tato the pelvis, 
which resus in the needle going selow the bladder. With 
the baby swine, Nelson ard Peters insert the needle 2 cm 
above the zymphysis and engle it anly 10—20? from the 
perpendizuz * I find tha. if a rurs2 hold: the legs and 
trunk firzi* down on the couch (or bed) then that tilts the 
pelvis forwerd slightly and | 10ld tae needle perpendicular. 
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Ranitdine in the newborn 


Sir, 


The report cf Rosenthal erd Miller deszriting the use of 
ranitidinz in the newborn! rrompts us to draw attention to 
a compl.caaon of the usc of cimetidine, the most com- 
monly az;alzble H, antagcnist in an intrevenous form 

A baty oy, delivered in good condition at 36 weeks’ 
gestatior end weighing 650 g developed bilateral in- 
traventrcu ar haemorrhazes, with norma. coagulation, 
within tie first 24 hours of life. Apnoezs ensued and 
penicillin zn gentamycin were commenced, and he was 
mechanicaly ventilated for 36 hours Jpper gastro- 
intestinal b esding occurred on he fourth dayand cimetidine 
in a dose <f 20 mg/kg/day was commenced n four divided 
intravenous doses Bleeding wes noted from puncture sites 
after the seventh dose Platele: count hed fallen from 
117x10™1, 26 hours prev cuslv, to 22<10™1 with normal 
coagulaticm studies Platelet count rose to normal within 
four days af stopping the medication The posthaemorr- 
hagic hydrocephalus which developed beczme stable and 
no further episodes of tarombocwtopen& or bleeding 
occurred 


Th-ombocytopenia has been reported in a number of 
adult:, and the increased use of H, antagonists in neonates 
mears that users should be aware of hazardous side effects 
of drags previously rarely used in this age group 
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Neonatal infection and human 
imraunoglobulin 


Sir, 


I read with interest the paper by Conway and his 
colleazues.' It ıs unfair to say that ‘there are few studies on 
the use of immunoglobulin preparations in premature 
babies and their conclusions are equivocal' when the 
authers do not refer to the pioneering work of Professor 
Sidir>polous, who has clearly shown the beneficial effects 
of in ravenous immunoglobulin (IVIG) in the treatment of 
neoratal sepsis,” and ourselves, who have shown the effect 
of IMIG ın the prevention of neonatal sepsis? 

W^ are not quite sure how many injections and of what 
volume were given to each infant. It is not surprising that 
the concentrations of serum IgG achieved were below that 
of tke term infant The absorption and bioavailabihty of 
the ixtramuscular preparation and the local blood supply 
could be responsible. In the study by Sidiropolous and 
ourselves using IVIG we could achieve serum IgG concen- 
tratiens greater than those seen in the term infants.? ? We 
also zannot see the justification of giving weekly painful 
and costly injections to these very tiny infants with very 
little muscle mass when similar results have been shown 
prevously by us using a single intravenous injection. 

It is not entirely possible to exclude nursing bias in 
favor of not reporting the ‘soft signs’ of sepsis ın infants 
who were receiving immunoglobulin treatment as the 
contol group did not receive a sumilar placebo injection. 

It would be interesting to known if the author measured 
serun IgM concentrations as we found them to be 
increased after IVIG 
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Dr Conway comments: 


I am pleased to read of Dr Haque's interest 1n our paper 
and apologise for not referring to his work, of which I am 
aware None the less, I think it is difficult to extrapolate 
from his population to ours, for reasons I have already 
outlined. 

Dr Haque, in reference to our work, questions the 
‘justification of giving weekly painful and costly injec- 
tions’. At the time of the conception and early stages of our 
study, intravenous immunoglobulin preparations had not 
received full product licencing in this country. May I 
remind Dr Haque that our study was approved by the 
hospital ethical committee and that we would not have 
given these infants intramuscular injections except as a 
logical extension of our previous work’ and in reasonable 
expectation of their being of benefit to the child The cost 
of prophylactic immunoglobulin treatment, 1f successful, is 
more than offset by the saving in expensive antibiotic use 

I absolutely refute Dr Haque's suggestion of possible 
nursng bias The substantiation of a doctor's academic 
hypothesis weighs little with our intensive care nurses 
compared with the continued well being of their patients 
Moreover, in a busy regional umt with much active 
research 1n progress, every nurse was not necessarily 
always aware of which baby was, or was not, receiving 
immunoglobulin treatment. 

The preparation used contained 250 mg in 1-7 ml and 
volumes injected were therefore small. As stated, injec- 
tions were at weekly intervals until discharge to home We 
were also not surprised that the concentrations of serum 
IgG were below those of term infants, for reasons similar 
to those described by Dr Haque We did not measure IgM 
concentrations 
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When is meconium stained liquor 
actually bile stained vomit? 


Sir, 


In a recent issue of the Archives, Griffiths and Burge 
report three cases of what was initially assumed to be 
meconium stained liquor but which was actually a mani- 
festation of intrauterine bilious vomiting ! They point out 
that insertion of a thermometer into the rectum, or at least 
an attempt to do so, would alert people to the possibility of 
intestinal obstruction resulting in apparent meconium 
staiming of the liquor. 

I have seen two neonates, who turned out to have 
intestinal obstruction, who presented with what was 
thought to be meconium staining of the liquor. 
Gastric aspiration in the labour ward produced in excess of 
50 ml, and in one case 150 ml, of green liquid I would 
therefore like to point out that 1f meconium staining of the 
liquor 1s thought to warrant a laryngoscopy with or without 
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the insertion of an endotracheal tube it is reasonable also 
to pass a nasogastric tube and 1f large volumes of green 
liquid are obtained from the stomach this suggests that the 
problem is intestinal obstruction and not in utero passage 
of meconium 


References 


' Griffiths DM, Burge DM When 1s meconium stained liquor 
actually bile stamed vomit! Arch Dis Child 1988,63:201-2 


N ARCHER 

John Radcliffe Hospital, 
Headington, 

Oxford OX3 9DU 


Facts for teachers of children with 
Cancer 


Sir, 


The valuable paper by Dr Stevens and colleagues raises 
important issues ' 

(1) Teachers should be more informed ın a general 
sense, 1n as much detail as they themselves would 
find helpful, about conditions such as malignant 
disease, cystic fibrosis, and diabetes (the most 
obvious examples) which can have a pervasive 
effect on the well being of children in school. 

(2) As an important general rule (to which there may 
be exceptions im individual circumstances), 
teachers should not be given medical details about 
individual children The confidentiality aspects of 
passing on such information cannot be controlled 
in mainstream or even special schools in the way 
which is presumably practicable in the context of 
teachers’ work in the health services dominated 
environment of a hospital 

Doctors who do not work regularly in schools may be 
unaware of the extent to which educational records are 
increasingly ‘open’, with corresponding availability to staff 
of any medical information in writing which goes to the 
school, and the encouragement of informal exchanges of 
information Medical matters tend to fascinate large 
numbers of the non-medical pubhc, including profession- 
als, and we can neither expect nor monitor an adequate 
level of respect for the confidentiality of certain 1nforma- 
tion in non-medical environments such as schools A 13 
year old girl with advanced malignant disease was quoted 
recently on television as saying that 'everybody' at her 
school knew about her condition and its implications, and 
that this single circumstance caused her more misery than 
anything else 

(3) Dr Stevens et al quote the Bntsh Paediatric 
Association Report on the school health services,” 
but do not directly mention the school health 
service In my view a relevant school health 
service could and should make it its business to 
provide appropriate support and advice to schools 
and individual teachers as necessary about indi- 
vidual children, which implies close links between 
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»e33onal oncology centres and the school health 
services in the surrounding health districts. Only 
in “hiss way can scl cols and individ zal teachers be 
gerc appropriate support, which includes ac- 
eqna:e confidentiality safeguards 
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Glycesrlated haemoglobin znd cystic 
fibrosis 


Sir, 


Fluckige- recently reported i-terference in glycosylated 
haemoglobbn A, (HbA,) estimation by >enicilloylated 
haemogbb.r.' He concludes that measurerments of HbA, 
can be mis eading 1n patients wita cystic ficrosis receiving 
treatmert "ih penicillins because of coveEnt binding of 
the penzilcyl moiety to haemoglobin producing HbA, 
mobility o? zhe respective heemoglobins. Raised HbA, 
concentrmtons were found tn patients witz cystic fibrosis 
treated "i long term p lactam antibiotics who did not 
have diaoezes Lower Hb... concentrations were obtained 
on converang thiobarbitanc acid values to the HbA, 
equivalent fer comparison. Although it is stated that the 
patients w Eh cystic fibres did not have dizbetes, it 1s not 
reportec whether glucose tolerance tests were completed 
to determme if there was unpaired gluccee tolerance in 
these petiencs. 


W^ studied 64 patients with cystic fibrosis measuring 
Hba. by ton exchange column chromatography and spec- 
tropiotometry (Biorad haemoglobin A, by column test) 
exp^essed as a percentage of the total haemoglobin. Our 
labcratory reference range is 5-3-8 8% representing 2 SD 
hmi ofthe mean in normal paediatric departments. Forty 
three patients with cystic fibrosis had a mean (SD) HbA, 
conz=ntration of 7-8 (0 9)%, range 5-9-8-8. This was not 
statically different from the mean HbA, concentration 
of m (0-94)96 of 21 normal children admitted for routine 
opecations All the patients with cystic fibrosis were on 
longzerm antibiotic prophylaxis mainly with B lactam anti- 
bios HbA, concentrations were obtained on each of 
the -3 patients with cystic fibrosis on one to four occasions. 
Ther» was no statistical difference. between the mean 
Hb, concentration of 7-6 (0-9)% (n=43) of the patients 
trezted with flucioxacillin for at least a two to three month 
pered before estimation and the mean HbA, concentra- 
tior Df 7-7 (0-8)% (n=24) for patients on both flucloxacil- 
lin aad ampicillin These did not differ from the HbA, con- 
cen-ztions of the control population. We found evidence 
of mapaired B cell function in patients with raised HbA, 
com=ncrations by measurement of C peptide concentra- 
tor: during oral glucose tolerance test 

TFus there was no evidence from our study that B lactam 
ant bodies produce falsely raised HbA, concentrations 
usia , the Biorad method. Although Fluckiger reports a 
pontual problem, the evidence that it should deter the 
mei.urement of HbA; in patients with cystic fibrosis 
other than by specific techniques is lacking 
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iOOk reviews 


reening for Hearing Impairment in 
ung Children. By B McCormick. 
110- £8.95 paperback. Croom Helm, 
38 ISBN 0~7099-4643-0 


is book concentrates on the methods of 
eening heanng of children between the 
2s of 6 months and 3-5 years of age 
ere 1$ a very bnef section on the concept 
actual hearing screening but most of the 
ok is directed to the practical aspects of 
» screening procedure There are sec- 
ns on the choice of stimuli used, the 
» of a sound level meter to measure 
muli and on the actual technique for 
iting of babies with mental ages of 6-18 
onths, 18 months-2-5 years, and 25 
ars—3:5 years For the older children 
>re 1$ also a discussion of suitable speech 
crimination material and the author 
ncentrates throughout on the test and 
3xceedures that have been developed in 
Xtingham There is also a chapter cover- 
: acoustics, hearing, and causes of deaf- 
ss, but medical readers would find this 
ched at too basic a level The final short 
apter covers screening techniques that 
> being evaluated at the moment These 
> really geared to the neonatal popula- 
n and would be interesting for profes- 
inals not directly involved in the field 
10 have gained some insight into present 
lds of investigation 
Overall this book would be of interest 
unly to doctors and other professionals 
10 are concerned with preschool hearing 
'eening. The importance of the book hes 
the very strong emphasis on accurate 
d reliable screening techniques with very 
‘ar instructions as to how the tests should 
carried out This 1s very important if 
untrywise we are to improve our present 
adequate hearing screening programmes 


S BELLMAN 


irs in Children: Pediatric Burn Manage- 
ent. Edited by HF Carvajal and DH 
rks Pp 385. £56 hardback Year Book 
edical Publishers, 1988 ISBN 0-8151- 
42-7, 


us book provides as comprehensive a 
xtbook on the subject as is available at 
is time, albeit from a distinctly trans- 
lantic perspective The opening section 


on epidemiology and burn prevention in 
childhood is a major area of concern given 
the current magnitude of the problem of 
burns in children Controversies in fluid 
resuscitation are reviewed in excessive 
detail with a somewhat unhelpful conclu- 
sion. The ensuing chapters contain much 
more practical management plans for re- 
suscitation, dressing, antibacterial treat- 
ment, and nutrition, together with com- 
mon pitfalls clearly outlined; this ts valu- 
able matenal for anyone getting to grips 
with burns management. Surgical treat- 
ment options are well descnbed, and the 
chapters on wound cover and dressings are 
admirably up to date Two further lengthy 
sections are devoted to infection, 1mmunol- 
ogy, and organ failure. 

The book ends wnth four excellent chap- 
ters on rehabilitation, the first on hyper- 
trophic scarring 1s a succinct review of this 
controversial subject, which unfortunately 
does not deal with the changes induced by 
the various treatments which are currently 
available. The occupational therapist's role 
ts well described, as are the readable 
descriptions of psychosocial care and dis- 
charge planning, which are so often given 
perfunctory consideration by attending 
surgeons. A short final chapter devoted 
entirely to discharge planning indicates the 
Importance this subject is given in the 
editors’ units 

This 1s a well planned book which should 
prove a useful reference volume for burns 
units For the junior doctor learning burns 
management it may prove too detailed and 
indigestible unless a special interest 1s to be 
developed The historical background pas- 
sages and reference lists are comprehensive 
and very valuable More than a little of the 
book is directed at burns 1n all age groups, 
and it occasionally lacks the specific 
paediatric concern which singles it out from 
the many other general burns texts 


T E E GOODACRE 


L'Enfant et Sa Santé: Aspects Epidemiolo- 
giques, Biologiques, Psychologiques et 
Sociaux. Edited by M Manciaux, S Lebo- 
vici, O Jeanneret, EA Sand, and S Tom- 
kiewicz Pp 1326, UK price unstated. Doin 
Editeurs, Paris, 1987 ISBN 2-7040-0539- 
7 


1001 


In this ambitious multiauthor text a large 
number of contnbutors who are almost 
entirely from French speaking countries 
—especially France, Switzerland, and Bel- 
gium—have summarised information con- 
cerning the physical, social, and psycho- 
logical development of the child Evidently 
a public health approach to paediatric 
disorders and paediatric epidemiology 1s 
thriving in these countries as the abundant 
references to unfamiliar studies published 
in French journals made this reviewer, at 
least, feel inadequately parochial in his 
knowledge There are especially good 
sections on the Sudden Infant Death 
Syndrome and on accidents and accident 
prevention The book will be found a 
valuable source of information by anyone 
seeking an up to date account of French 
social paediatrics 


P J GRAHAM 


Childhood Pain. By D M Ross and 
S A Ross Pp 384 £39-50 hardback Urban 
and Schwarzenberg, 1987 ISBN 0-8067- 
1631-2. 


A friend recently made a comment which 
surprised me at the time, suggesting that 
American thought is much more Teutonic 
than British, but this book illustrates that 
point. In a wealth of detail, it presents 
information about the history of our under- 
standing of pain, methods for evaluating, 
managing, or preventing pain, with care- 
fully documented references throughout, 
which ultimately constitute 12-3% of the 
total pages This attention to detail which is 
its mark, as well as tts intended interdisci- 
plinary readership, make it rather difficult 
for the clinician to do more than learn from 
and perhaps build upon other peoples’ 
research There are, however, useful chap- 
ters, particularly an early one dealing with 
the child's view of pain in different age 
groups and a later one on behavioural and 
cognitive intervention before patnful pro- 
cedures and dunng pain 

Pain is seen to stem from a mix of factors 
which can be difficult to untangle. thus 
emotional and physical pain enhance each 
other. Kinds of pain discussed range from 
the acute pain (of dressing burns or of bone 
marrow aspiration) to chronic or recurrent 
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pain (rheumatcid osease, mugreite) and 
there 13 a welcome emphasis on hebing tae 
child to cope wi-h such discomfort. It has to 
be said that the chapter on the physical 
management of pain, with its emphasis on 
a pharmacopoe-a largely unfamilia- to Brit- 
ish paediacncians, is less help than ocher 
sections that ceal with behaviovral and 
cognitive nter"enton, providing as key 
do ideas for play therapists and psycholo- 
gical strategies 7o: children to use. Those of 
us who have & sinking feeling :Fat viere 
should be a grca:er use of these strategies 
in both medica and surgical children’s 
wards ma” be comforted that in Dre o: the 
authors’ pwn research projects, which 
asked what would help a child most when 
experiencng the ‘worst pain ever’, 96-275 
of the chidrer fel: that, regard.ess o: the 
kind of pain, ^ he ‘thing that he.ped most’ 
was tc heve one cr both parers present. 
Here, at least, we are on hene ground. 

J GOODALL 


Pediatric 3urgiczl Pathology. 2nd ed. 3y L 
Dehner Pp 1121. £147 hardback. WilRams 
and Wilkins, 1987. ISBN 0-682-32425-6. 


It is rare that a reviewer of my degree of 
senility handles a book that can be recom- 
mend-d without reservation. This is one 
such. 

Every clinical paediatric pathologist will 
be famuliar with the first edition of Pedi- 
atric Surgical Pathology, which appeared 
over 0 years ago, and will have wondered 
about a new edition. This took 1s about 
twice-the size of the first (3-5 kg) with over 
1100 »ages and firmly packed three column 
script, and an almost similar number of 
photegraphs. Louis Dehner has involved 
same others to help him in some sections of 
the book but most of the writing appears to 
be his alone The term ‘surgical pathology’ 
is perhaps a too limiting term for this 
book's scope which covers virtually every 
crga1 and tissue In the renal tract, renal 
tiop ies and metabolic disease receive as 
much attention as cysts and gross ana- 
comical ‘surgical’ deformities. The book 
covers all of the medical conditions for 
wha the biopsy needle can be applied. It 
is di-ficult to find a section o this book that 
has ess than 1000 references, the kidney 
ttsel' has about 1400, and every section list 


contains many in 1986, within a year of th 
date of publication. 

This ts a black and white book Ther 
have been a number of recent color 
atlases of children’s pathology, whic 
against this look like popular coffee tabl 
volumes and beside this volume look slic 
and superficial—which they are! The m 
crophotographs are of good quality an 
there is a scattering of reproductions < 
clinical radiographs that will help the clin 
cian If I have one criticism, it 1s that th 
reproduction from gross specimens hav 
that slight woolly texture that suggests th: 
they have been obtained from color 
slides 

This book costs £147 but its value relate 
to the extent of its contents is cheap. Ti 
scope 1s encyclopaedic, its style concise an 
non-philosophical-4t is a very practic: 
workbook. It is a high priority book fé 
inclusion in any paediatric department 
library, an essential book for departments « 
paediatnc pathology, and a reference boo 
for general departments of pathology 
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James Spence Medallist, 1988 


Professor Otto Wolff 


The James Spence Medal was presented to Profes- 
sor Otto Wolff on 13 April 1988. Professor John 
Forfar, President of the British Paediatric Associa- 
tion, gave the following citation: 


Professor Otto Wolff 


When formally asked to record his profession Otto 
Wolff does not do so ın academic or scientific terms 
but merely writes ‘paediatrician’. That has always 
been his primary aim—to be a good doctor of 
children—and in achieving that aim he has surely 
been immensely successful. A letter written to him 
in appreciation of a period he had spent in another 
university centre as visiting professor exemplified so 
much of Otto the paediatrician It said “We shall 
always remember your extreme courtesy to the 
children which was an example to us all'. 

Qualifying in Cambridge in 1943 Otto became 
Lecturer ın the Department of Child Health in 
Birmingham in 1951, remaining there for 14 years 
and finishing as Reader under the late Professor Sir 
Douglas Hubble. In 1965 he was appointed to 
succeed Sir Alan Moncrieff as Nuffield Professor at 
the Institute of Child Health in the University of 
London and occupied that leading position in 
paediatrics for 20 years. 

In research Otto has made his mark in several 
fields. His first paper to the BPA was on menin- 
gitis. The problem of childhood obesity had been 
little researched when his interest in it was aroused. 
It formed the subject of his MD thesis and has 
remained an important interest of his throughout his 
career He was probably the first paediatrician in 
Britain to set up a clinic for obese children. 

From obesity he turned to the study of plasma 


lipids. With Harold Salt as his biochemical partner . 


he pioneered the techniques of lipoprotein electro- 
phoresis establishing the value of this even before 
the Frederickson classification was announced. He 
also explored the role of lipid disturbance in 
childhood as a precursor of coronary artery disease 
and his recognition in 1960 of the rare condition of 
abetalipoproteinaemia led to important work on 
vitamin E metabolism. 





Inheriting a large clinic of children with phenylke- 
tonuria from his predecessor at Great Ormond 
Street and later becoming Chairman of the MRC/ 
DHSS PKU Register Otto guided much of the 
research which emanated from that Register. His 
coordinating role enabled the group which he 
headed to establish management principles for PKU 
and to show how successful treatment could be. The 
need for long term follow up which characterised 
this work was a principle which he also successfully 
promoted in other fields 

The studies on PKU and plasma lipoproteins 
exemplified much of Otto's ability to influence and 
inspire others and, when they showed academic 
aptitude or inclination, to support them in their 
research. He also recognised the importance of 
developing specialised units in a centre such as 
Great Ormond Street and the outstanding work 
done there in the fields of gastroenterology, meta- 
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bolic disease, and tropice] paediatrics wes the direct 
resuk of his initiatives. 

Orto is perhaps at his 1appiest when cealing with 
patients. Those who have worxec closest with him 
recoznise wnat a superb cl.nizran he is arc] how good 
at talking with children and parents From his 
earliest days he has seen tne need to mvelve himself 
in tke eriotional as wel. as t12 physica. aspects of 
chilchood problems and he has enjoyec the closest 
collaboret.an with child 25sychiatrists aad psychol- 
Ogists. 

Whether among underzracuates in Birmingham 
or postgraduates in London Otto beheves in teach- 
ing by exemple. His emphass is on how to take a 
histcry, deal with parents anc children, and use the 
hierature. Kegarding tre latter one o` his Junior 
colleagues was heard t3 comment, ‘We have to 
move fast if we are to get the appropriaze reference 
befcre tae Professor. 

Some professors are men of culture, many tradi- 
tionally aave their idiosyncrasies. Otto matches up 
to both »r these professarial criteria. Fis culture is 
the cultare of the musm&.an and he is a dedicated 
piarist. Wherever he gces 12 either seeks out a 
piaro or a group of engu ring men struggling with a 
piaro ar2 seen seeking O-to. He end his wife Jill are 
excellen: hosts 5ut those who have travelled with 
Otto hare learned that Fi; hospitality ts rot confined 
to Ins horae. Be it the ea-ly Fours of the morning in 
some fo-eiga pa-t or at the nzdir of blocd sugar on a 
long Br.tisk Railways :curnzy Otto can be relied 
upcn to produce a flask af co“fee and to unwrap that 
Otto Wolff specialty, tte marmalade sandwich. 

Ctto has chaired many mpcrtant committees. 
Unzougi., and by him unexpected, many honours 
have come his way. He 13s been the President of the 
Bri.ish Paediatric Assozzation, he was awarded the 
Dawsor Williams Prize of the BMA, the Harding 
awerd by Action Reseaxch tor tae Crippled Child, 
anc the medal of the Association Frangaise pour la 
Dé»stag2 et la Prévénzion des Maladzes Métaboli- 


ques et des Handicaps de l'Enfant. He has been 
made an honorary member of numerous foreign 
paed 3tric associations. He was created CBE in 
1985 

In honour of one who has amply fulfilled the 
criteria for the Spence Medal by his outstanding 
contrbutions to the advancement and clarification 
of paediatric knowledge the British Paediatric Asso- 
ciation presents to Otto Wolff its highest award, the 
Spence Medal. 


James Spence Medallists 


1960 
1961 
1963 
1964 
1965 
1967 
196& 


Professor A A Moncrieff 
Professor R A McCance 
Sir F Macfarlane Burnet 
Professor L S Penrose 
Dr Cicely D Williams 
Professor R R A Coombs 
Dr Mary D Sheridan 

Dr D W Winnicott 

Dr G S Dawes 

Professor D V Hubble 
Dr W W Payne 

Dr R C Mac Keith 
Professor C A Clarke 
Dr J Bowlby 

Dr D M T Gairdner 
Professor R S [lingworth 
Dr S D M Court 
Professor K W Cross 
Professor J M Tanner 
Dr Elsie M Widdowson 
Dr D MacCarthy 
Professor J O Forfar 

Dr J W B Douglas 

Dr N S Gordon 
Professor J P M Tizard 
Professor J L Emery 

Dr FJ W Miller 


196€ 
197C 
1977 
1972 
1972: 
197 
1976 
1977 
1973 
1975 
1980 
198. 
1983 
1983 
1981 
1983 
1985 
198 


Archives of Disease in Childhood, 1988, 63, 1005-1006 


Annotations 


Diagnostic radiography in children 


The Japanese survivors of the atomic bombs are the 
largest group of people to be exposed to substantial 
doses of ionising radiation. They have been subjected 
to careful medical follow up that is continuing, and it 
is on the reports about these people that we chiefly 
depend in assessing the risk of cancer from ionising 
radiation.! New estimates of the doses of radiation 
that they received, and the realisation that excess 
cancers are still appearing 40 years after the 
exposure, has led to substantial increases in our 
perception of the risks of ionising radiation.” This 
increase in the perceived risks is most obvious with 
children, and this must lead to a reassessment of the 
hazards of paediatric diagnostic imaging by ionising 
radiation. 

The units used to measure ionising radiation are 
the Gray (Gv), which is the dose absorbed by an 
organ, and the Sievert (Sv), the effective dose 
equivalent, which takes the dose absorbed by each 
organ and weights it according to the sensitivity of 
that organ to a lethal cancer or to the induction of 
serious genetic injury. The dose of radiation to a 
population is measured in man Sv and is the sum of 
the individual doses in Sv. The dose to the gonads is 
measured in Gy. 

The harm that one man Sv causes used to be 
assessed at a 1% chance of developing a lethal 
cancer/man Sv,° and there was an indication by an 
influential committee that the hazard was less than 
this in the young. New data are available concerning 
the risk of excess lethal cancer for children exposed 
to the atom bombs.’ Full interpretation of these 
data is awaited, but a possible risk of lethal cancer in 
children is 5%/Sv in boys, and 9%/Sv in girls. 
Table 1 is based on these risk factors. The consider- 
ably larger risk in girls is because the young girl's 
breast is extremely sensitive to radiogenic cancer. 
The new Japanese reports have not altered our 
perception of the magnitude of the genetic injury, 
which is based on animal and in vitro studies. 
Assuming an expectation of 1-6 offspring/child, the 
risk of serious genetic ill health within the first two 
generations is assessed at 1-6%/Gy.° 

The dose of radiation received by a child during 
an x ray examination varies depending particularly 
on the child's size and on the nature of the 
examination. Table 1 shows possible dosages for 


large and small children together with the number of 
examinations required to cause a lethal cancer. Note 
that the radiation dose from examination of a 
peripheral limb (for example, wrist or knee) is 
minute. Even an adult ts likely to receive as high a 
dose from natural background radiation while the 
patient is in the department as from the examination. 
Table 2 gives possible doses to the gonads and 
the subsequent risks. These should be regarded as 
mean figures; variations in doses given to patients as 
large as tenfold have been reported between 
hospitals. 

It will be noted that the doses for neonatal 
examinations are usually small. A neonate living in 
an area of low background radiation (such as 


Table 1 Risk of lethal cancer after diagnostic radiography 





Examination Approximate — Examinattons!lethal cancer 
dose of T — 
radiation Male Female 
(mSv) patient patient 

small neonate: 

Chest 0-01 2x 10° lx 10^ 
Contrast meal — (1 2x|0 11x10 

Large teenager:* 

Chest 0-05 4x LO 22*x10 
Barium meal 3-83 5000 3000 
Lumbar spine 2-15 9000 5000 
Thoracic spine — 0-92 22 000 12 000 


* Adult doses of radiation.” 


Table2 Risk of genetic injury after diagnostic radiography 











Examination Approximate dose Examinations/ 
of radiation serious genetic 
(mGy) injury 
Male Female Male Female 
patient patient patient patient 
Neonatal: g . 
Chest 0-001 0-001 6x10' 6x10 
Abdomen 0-04 0-03 1-5x10° 2x« 10° 
Large teenager:* 
Chest 0-0025 0-002 2-5x10 3x10’ 
Abdomen 1-6 0-8 40 000 80 000 
Barium enema 3-4 16 18 000 — 4000 





* Adult doses of radiation." 
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London or Manchester) would have to have 50 chest 
X ray examinations before the ionising radiation he 
received before his first birthday exceeded the 
radiation. received by a child who had had no 
chest x ray examinations but lived in an area with 
high backgrownd radiatiea (such as Cornwall or 
Aberdeen). On the other hand the doses for the 
large teenagers are substanzial, and the risks corres- 


muciear medical imaging is usually propertional to 


0-4 mSv.” 

Radiation received by staff on a neonatal unit is 
generally negligible. If a newborn baby is held 
during a radiographic examination with the hand 
outside the primary beam. a million babies a year 
may be held by one perser withou: the dose to the 
hand exceeding the dose Imit allowed in industry. 
Even with the hand in the primary beam, 25 000 
exposures 4 year would be allowed. Somebody 
standing, w:th no lead protection, three metres from 
a neonate having a chest x ray examination will 
receive about 0-00002 Sv; this is about the same as 
the extra radiation receivec by sperding one second 
in Cornwall rather than in Manchester. Exposure of 
staff to radiation during more complex procedures 
such as cardiac catheterisation is much greater, and 
there mus: be rigorous methods of protection. 

The risk to a neonate from the radiation used in 
radiography is negligible. If there is a proper clinical 
indication for the examinatien there need be no 
hesitation in carrying it out. It is quite different in 
larger children, and the new perception cf the risks 
in this group will lead to tae avoicance of ionising 
radiation for cther than the low dose examinations. 
Ultrasound and magnetic resonance imaging should 
be used where possible. and alternative techniques 
of diagnosis (such as endoscopy) must be 
encouraged, 


The search for ways of lowering the doses of 
radiation is important. An antiscatter grid is 
unnecessary for fluoroscopy of neonates, and 
eschewing it will halve the radiation dose.” Rare 
earth screens should always be used for children. 
and indeed adults, and at least halve the dose 
compared with simple tungstate screens." The use 
of carbon fibre material in certain components also 
causes a reduction in dose that can be as much as a 
further halving.'' Radiologists should ensure that 
these methods of reducing radiation are used in their 
departments. 
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Intraspinal tumours 


Spinal cord tumours in children are rare—they occur 
between five and 10 times less commonly than 
intracranial neoplasms.' ^ The general paediatrician 
is likely to encounter only one or two children with 
this condition in a whole lifetime of practice. 
Presenting symptoms are often vague and it is thus 
not surprising that these tumours are frequently 
misdiagnosed. It is not unusual for the interval 
between presentation and accurate diagnosis to be 
as long as two or three years. 

About 70% of intraspinal tumours in children are 
benign and slowly growing, with symptoms evolving 
in a subtle fashion. Nevertheless neurological dys- 
function due to cord compression is an ever present 
danger and the prognosis for neurological recovery 
is poor once a severe deficit becomes established. 
Acute spinal cord compression, usually due to an 
ischaemic insult, may result in a precipitate loss of 
neurological function below the level of the lesion 
and even when treated promptly significant recovery 
may not occur. 


Pathological features 


The presenting clinical features depend on the cord 
level of the lesion and also whether the tumour is 
extradural, intradural but extramedullary, or in- 
tramedullary. As a rule of thumb, 40% of intraspin- 
al tumours occur in the thoracic region with the 
remainder being evenly distributed between the 
cervical and lumbosacral segments. Extradural 
tumours (for example, neuroblastoma and sarcoma) 
account for almost half of intraspinal tumours in 
childhood, spreading from nearby bone or through 
intervertebral foramina. Intradural but extramedul- 
lary tumours occur in one quarter of patients, the 
commonest lesions being neurofibromata. der- 
moids, and lipomata. More than a quarter of all 
intraspinal tumours in childhood are intramedullary 
(a significantly higher proportion than in adults) and 
most of these are slowly growing astrocytomas. 
Many astrocytomas are relatively well localised but 
sometimes there is extensive involvement of the 
cord from the lower brainstem or upper cervical 
region to the conus. These ‘holocord’ astrocytomas 
are associated with large cvstic dilations throughout 
the cord.^ 
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Clinical presentation 


Boys are a little more often affected than girls. The 
highest age specific incidence is found in infancy due 
to the predilection of neuroblastoma and congenital 
tumours to present at this time, but no age is 
exempt.’ 

The commonest manifestation of intraspinal 
tumour in childhood is motor weakness (spastic or 
flaccid depending on cord level). In the young mfant 
the parents may observe failure or reluctance to 
move one or both legs, while there may be delay in 
walking or unwillingness to stand in the toddler. In 
the school age child progressive motor weakness is 
often heralded by a limp or other gait disturbance. 
Occasionally these symptoms are accompanied by 
segmental muscle wasting. 

Back or root pain occurs in at least 40% of 
children with intraspinal neoplasm but it is à much 
less common presenting sign in children than in 
adults. Spinal pain is most often dull and aching in 
quality and localised to dermatomes adjacent to the 
tumour. Root pain, which is less frequent, is usually 
projected over a single dermatome and it is unclear 
whether this is caused by swelling of the spinal cord 
with distension of the root, or whether the root 
entry zone is infiltrated with tumour. Often the site 
of pain may suggest other more common clinical 
entities, particularly acute intra-abdominal disease 
when lower thoracic nerve roots are involved. The 
child under 4 years will be unable to describe or to 
localise accurately his discomfort, while in the infant 
pain must be inferred from irritability. 

With slowly growing tumours, neuromuscular 
imbalance and growth may produce musculoskeletal 
deformity such as head tilt, torticollis, kyphosis. or 
scoliosis. Such deformity is commonly accompanied 
by pain, especially night pain. In any child who 
presents with a progressive musculoskeletal de- 
formity, even in the absence of neurological deficit, 
intraspinal tumour must be considered. ^ 

Various degrees of bladder and bowel dysfunction 
and other sensory disturbances are present in about 
30% of children at the time of presentation. A 
history of delayed development of sphincter control 
is suspicious, but even more significant is a change in 
bladder or bowel habit in the previously continent 
child. One of the major pitfalls in diagnosis is the 
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failure to appreciate the significance of more trivial 
symptoms such as constipa:ion. anal pain. or secon- 
darv enuresis in the child presenting with limp. 
backache, or leg pain. The symptoms c: a patient 
suffering from intraspinal tumour cre often exacer- 
bated by coughing, crying or straining. Occasion- 
ally symptoms are first heeklighted by trauma and 
sometimes these may misleadingly dimini.h or even 
disappear, only to recur more insidiousv later. 


Under exceptional cmcumsiances. atraspinal 
tumours may present as hydrocephalus, most likely 


due to raised protein concentrations causing defec- 
tive absorpiion. of cerebrospinal fluid. intraspinal 
dermoid tumours may present ws recurrent menin- 
gitis if there is a direct extension from the skin 
surface. 

Neurologieal examination may show e plethora 
of abnorma signs or no a»aormality. Upoer motor 
neurone findings may be less well defned than 
lower motor neurone findings. the later signs 
generally offering a better madication of the level of 
the lesion. unless the abdominal reflexes are in- 
volved. Local tenderness cver one of the spinous 
processes may also suggest a level. Detailed sensory 
examination is obviously of limited value ia the very 
young patient but some idea of the presence or 
absence of perianal anaesthesia anc pinprick levels 
can usually be obtained ever in infants. Inspection 
of the skin may suggest neurofibromatosis whereas 
hepatomegaly provides a cErical clue in reuroblas- 
toma. 


Investigation 


Plain radiographs of the en ize spine (ante roposter- 
ior and lateral views) should be carried oat as they 
often show bony abnorvelities and srengthen 
clinical suspicions.” There is no place fcr routine 
lumbar puncture in the menagement of ‘he child. 
Although examination of the cerebrospinal fluid 
may be useful for demons:rating 2 raised protein 
content or the presence of tumour cells, this 
advantage is greatly outweighed by the potential 
hazards of the procedure Lumbar puncture may 
lead to further cord damage at the s:te of eompress- 
ion, particularly in cases of spinal block where 
tumour has ebstructed the cerebrospinal fluid cir- 
culation and removal of fluid below the lesion leads 
to downward displacement of the cord anc tumour. 
Ill considered lumbar purcture may aso delay 
successful mvelography fcr several days. 

Further investigation cf the child should be 
undertaken by a paediatric neurologist at a neuro- 
surgical centre. Computed tomography of the 
spine and in particular magnetic resonance imaging 





of the spinal cord are relatively new imaging 
techniques which may rapidly confirm the presence 
of an intraspinal mass.’ * High resolution computed 
tomography with intrathecal contrast enhancement 
is a valuable but nevertheless invasive procedure 
and several studies have shown the superiority of 
Magnetic resonance imaging in diagnosing spinal 
cord tumours in children.’ ? Magnetic resonance 
imaging is a non-invasive method of providing high 
resolution images which differentiate not only be- 
tween cystic and solid tumour areas but also 
between tumour and surrounding oedema. 

In most centres myelography remains the defini- 
tive investigation. In the presence of an intraspinal 
mass, myelography itself sometimes leads to rapid 
deterioration in. neurological function. The inves- 
tigatiog should thus be regarded as an integral part 
of the acurosurgical procedure, carried out with the 
full knowledge and availability of the neurosurgeon. 
The opportunity for examination of the cerebro- 
spinal fluid should be taken at this time. In very few 
patients will myelography precipitate urgent ex- 
ploratery laminectomy and surgery may be safely 
deferred for several days in most children. 

The treatment of the tumour depends on the site 
and histoiogical diagnosis of the lesion. Advances in 
microsargical techniques including the use of the 
ultrasome aspirator (Cavitron) and carbon dioxide 
and argon lasers, along with refinements in radio- 
therapy have led to a greatly improved outlook, 
especially in intramedullary tumours." P !' 

It is clear that early recognition of these rare 
tumours is important, as their effects are often 
devastating whereas prompt surgical intervention 
may produce verv favourable results. Although new 
non-invasive imaging techniques promote swift and 
sometimes precise definition of such lesions, there is 
little doubt that a high index of suspicion remains 
our most valuable diagnostic tool. 
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The aftermath of Cleveland 


The sexual abuse of children so cffends the social 
zboos of society that its discovery provckes strong 
reactions and polarisaticr of opinion among the 
public, politicians, police. and the professions, 
Family stucies have shown that such abuse may span 
five generations and investigation of ‘index’ cases 
has revealed the appalling activities of child sex 
rings. So protean have been the overt man festations. 
SO secret the activities, thet doctors in all branches of 
the profession, who treat children, have cften failed 
to recognise the problem. We are in the 1980s at 
about the same state of knowledge of sexual abuse 
as we were in the 1960s as regards to the physical 
abuse of children. Then and now, extravagant 
claims have been made about the incideace of the 
abuse. 

For those professionais who have become in- 
volved in trying to tackle the complex problems in 
the presence of the apparent professional apathy. 
determination and enthusiasm to put the needs of 
the children first has been interpreted as excess zeal: 
while those of us who have “ailed to recogaise sexual 
abuse in the past have reacted defensively and 
sometimes with hostile disbelief. In these circum- 
stances — bclanced professional judgments for 
recognition of sexual abuse. are made mor: difficult. 

Many manifestations of sexual abuse are covert. 
but much more difficult to recognise than physical 
abuse. This often has overt, more distinc: and now 
well recognised patterns of bruising wita definite 
radiolegical appearances. Professional reaction to 
physical abuse has become relatively standardised 
throughou: the country. but the catalogue of 34 
child abuse inquiries in this country bears witness 
that its management is fraught with human error and 
procecural cifficulties. It wes the rigid app ication of 
such procedures to the o-oblem of chüd sexual 
abuse that provoked the crsis in Clevelaad, which 
gave rise to the inquiry bv Lord Justice Bu ler-Sloss, 
published im July this year. 

Childrens’ wards with paediatrically trained staff 
and an appropriate environment should be the 
proper place for children to 5e examined ir an under- 
standing anc non-threatenmg wav. Childrens’ wards 
should also be a place of safety. but with the high 
incidence of infectious illness among their inmates 
this poses additional problems. 

When there has been a disclosure by a child and 
there are other corroboracive findings of sexual 
abuse, urgent action may be necessary to protect the 








child On the other hand, where suggestive physical 
signs are found without corroborative evidence a 
more detailed evaluation is required. Some physical 
signs of sexual abuse have only recently been 
recognised. Although individual clinicians mav 
themselves be highly suspicious (if not certain) that 
abuse has taken place, it does take time for these 
signs to gain credence among the generality of the 
medical profession. It has never been good medica! 
practice to rely on just one physical sign. The recent 
guide prepared by the Standing Medical Advisory 
Committee provides the most authoratative assess- 
ment of the physical features of sexual abuse.” The 
amount of evidence that is required for clinical 
action involves a judgment about the balance of 
probabilities whereas the evidence that is required 
for legal action involves the findings being tested 
beyoud reasonable doubt. What may be obvious to 
the clinician may still fail to meet this legal test. This 
fact must be borne in mind when planning the 
apprepriate management of the child. Too often in 
the past social services departments have been 
accused of failing to act because of lack of evidence 
that weuld have enabled them to take the necessary 
legal action to ensure the safety of a child. Where 
such legal action has failed the child will remain in a 
damaging environment. Wynne and Hobbs have 
done much to draw attention to the physical signs of 
sexual abuse and continuing work and research is 
required for their evaluation.” 

The problem posed by sexual abuse in Cleveland 
was precipitated into a crisis by the admission of a 
large number of children with their parents into a 
children's ward. The separation of the child from the 
family into a safe environment may secure corro- 
borative evidence of sexual abuse by a disclosure 
from the child. Such a disclosure may take a con- 
siderable amount of time as the child needs to feel 
‘safe’ to tell of his or her previous experiences. The 
application of a care order that relied on medical 
evidence alone, which could not measure up to the 
legal test, was bound to cause conflict. The increasing 
recogmition of sexual abuse in Cleveland under- 
standably resulted in the doctors and the professionals 
seeking more resources but there was no re-evalua- 
tion of whether the existing health care resources were 
being used appropriately as the report by the Lord 
Justice Butler-Sloss makes clear. 

Interagency working through the committee 
structure. recommended by the Department of 


1010 


Health and Social Security (DHSS) document, 
Working Together," was probably more advanced in 
Cleveland than other health districts in this country, 
but it is clear that faith in these procedures to solve 
the problems would be entirely misplaced. The 
DHSS has reacted with undue haste by issuing their 
guidelines set out in their document, Working 
Together, before the recommendations of the 
Butier-Sloss inquiry have been studied and thought 
through by all the professions involved. Having 
delayed issuing their document for some two vears, 
such precipitate action parallels and will accentuate 
the mistakes made by all the professionals in 
Cleveland that we are all anxious to prevent. 

As different agencies have their own particular 
responsibilities for children it is inevitable that 
problems of child sexual abuse have to be resolved 
through interagency cooperation. The report of 
Lord Justice Butler-Sloss and its detailed recom- 
mendations do need to be studied further. While the 
recommendation to establish specialist assessment 
teams is welcome, further consideration must be 
given to the teams' responsibilities. All the available 
doctors in each health district who have had any 
experience in the management of sexual abuse will 
be needed to be trained and helped but whether and 
by whom they should become 'approved' needs to 
be a matter for further discussion. Consultant 
paediatricians in community child health who are 
trained in social and educational aspects of paedia- 
trics should have a leading role and be involved in 
the follow up of the children and their families. It is 
essential that this work forms part rather than the 
whole of their duties. There will be severe drawbacks 
to the formal process of "approval if it is adapted 
from the regulations under the Mental Health Act. 
It has also been proposed that cases involving alle- 
gations of sexual abuse made to the police about a 
child or third party relating to an offence that has 
taken place outside the ‘family’ should take place 
without the involvement of other agencies. Though 
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in some cases this may be acceptable, as a general 
rule this recommendation is fraught with difficulties. 

Lord Justice Butler-Sloss and her wise assessors 
are to be congratulated in providing a very careful, 
well thought out, and balanced report where any 
blame is identified equally among the various 
individuals and agencies concerned. By taking the 
middle ground, Lord Justice Butler-Sloss opens 
herself to attack from either extreme. There can be 
no doubt, however, that all those involved in the 
crisis in Cleveland acted with the best of motives. H 
is the strength of this conviction to work for the best 
interests of the child that now has to be applied to all 
the agencies working with the problem in each 
health district to try and construct both professional 
and interprofessional peer review buffers so that 
extremes of attitude or extremes of action are 
prevented. There is a delicate balance to be kept in 
applying measures designed to protect the children. 
which if applied wrongly may themselves cause such 
devastation to the children and their families, 
Interagency cooperation depends more on profes- 
sionalism and personality than procedures. Building 
up teams of senior experienced professionals in each 
health district who can work together, fulfil their 
responsibilities, and know their limitations is the 
onlv way to try to get this balance right. 
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SUMMARY The association of non-random chromosome abnormalities with solid tumours of 
childhood may improve azcuracy of diagnosis and prognosis and lead to a better understanding of 
their biology. In a pilot s:udv in the Northern region of England fresh tumour biopsy specimens 
were obtained from 39 of 72 consecutive solid tumours in children who presented over a period of 
21 months. Cytogenetic analysis was possible in 33 and clonal chromosomal abnormalities were 
detected in nine. In adcizion, seven of 10 tumours investigated after treatment were abnormal. 
Ten of these 16 abnormzl karyotypes have not previously been described. This pilot study has 
shown that a concerted iavestigation of tumour cytogenetics is possible. A multicentre study is 


essential if our knowledge of basic tumour cytogenetics is to progress. 


Despite our ability to achieve prolonged remissions 
in most children with carcer. malignart disease 
remains second only to barth defects as the most 
common non-accidental cause of death in children 
over the age of | year in the United Kingdom. 
Accurate diagnosis is essential in onder that 
appropriate treatment is used, but even vithin any 
one tumour category there remain varations in 
beheviour and response to treatment. 

in the leukaemias some cional cytogenetic abnor- 
malities have already proved to be of diagnostic and 
prognostic value. For example, the translocations 
t(9:22), t(8:21), t(15:17). aad 0(8:14) help towards 
the diagnosis of chronic myeloid, acute myeloblas- 
tic, acute promyelocytic, and Burkitt's leukaemia 
respectively.’ and clonal structural abnormalities 
are associated with a poor outcome in acute lym- 
phoblastic leukaemia of childhood. Studies of the 
onccgene e-aol in chronic myeloid leukaemia’ and 
the relationship between c-myc and immunoglobulin 
gene loci in Burkitt’s lymphoma? have led to a rapid 
increase in our knowledge of the molecular biology 
of haemopcietic malignancy. 

A.though clonal cytogenetic abnormalities have 
been reported in some solid tumours of children, 
much of the published information has appeared as 
single case reports. Cytogenetic investigations of 
solic tumours lag far behind those of leukaemias due 
to a combination of reasons meluding technical 
problems and the relative difficultv in obtaining 
viable tumour cells. One of the early steps in 


understanding the biology of malignancy, however, 
is to obtain a detailed knowledge of non-random 
chromosomal abnormalities of tumour cells. If the 
analogy with leukaemia is appropriate, then 
cytogenetic studies of solid tumours could provide 
diagnostic and prognostic information and the basis 
for a detailed study of the molecular events associ- 
ated with their genesis. 

In order that this baseline knowledge can be 
obtained a vigorous and comprehensive effort to 
study the chromosomes of all childhood solid 
tumours is required. We have embarked on a pilot 
study to obtain fresh material from most childhood 
solid tumours in the Northern region and carry out 
cytogenetic studies on these specimens. This report 
describes our initial results. 


Methods 


COLLECTION OF FRESH TUMOUR TISSUE 
This was carried out in two phases. In January 1986 
paediatric surgeons and pathologists within New- 
castle were asked to inform us whenever a suspected 
tumour in a child was to be biopsied. We requested 
that the biopsy specimen be as generous as the 
surgeon could provide and be transferred fresh or in 
tissue culture medium (such as RPMI or Dulbecco's 
minimum essential medium) to a specified pathol- 
ogist. A’ portion of the macroscopically viable tissue 
was transferred to the cytogenetics unit. 

The second phase commenced in September 1986 
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when all paediatricians within the Northern region 
and many of the pathologists were invited by letter 
to participate. 

The success in obtaining fresh tumour material 
was assessed by comparing the number of samples 
received with the total number of tumours notified 
to the Northern region Children’s Malignant 
Disease Registry.” 


CYTOGENETIC METHODS 

Tumour was dispersed by gentle pipetting to provide 
a cell suspension for direct and short term cultures 
(one to 48 hours), Long term explant cultures were 
established in plastic Falcon flasks using various 
culture media (Ham’s F-10, Chang’s, and Leibovitz 
L-15, all supplemented with 20% fetal bovine 
serum) and incubated at 37°C. Colcemid exposure 
before harvesting varied between 0-2 ug/ml for 15 
minutes for direct cultures and 0-01 ug/ml for four 
hours for long term cultures. Slide preparations 
were made by standard techniques and G banded 
with trypsin and Leishman's stain. 


Results 


COLLECTION OF FRESH TUMOUR TISSUE 

From January 1986 to September 1987 inclusive, 72 
new sohd tumours occurring in children under the 
age of 15 years were notified to the Northern region 
Children’s Malignant Disease Registry, Fresh tissue, 
either primary or metastatic, was obtained from 39 
of these 72 solid tumours (table 1). During the same 
period fresh tumour was obtained from eight of 10 
relapsed tumours from which tissue was available 
and from two of four children who had a biopsy of 
the tumour remaining after initial chemotherapy. 


CYTOGENETIC ANALYSIS 

Thirty seven specimens obtained at diagnosis were 
assessed; analysable metaphases were obtained 
from 33. One patient with a neuroblastoma had 
a constitutional abnormality [46,X X — t(8;11) 


Table 1. Details of solid tumours presenting in the 
Northern region, January 1986—Sepiember 1987 
No of 
children 


No in which 
fresh tumour 
tissue. obtained 





Biopsy of primary tumour 50 24 
Biopsy of metastatic discase l4 i4 


Biopsy of primary and 


metastatic tumour H i 
No biopsy 7 ~ 
Total 72 39 
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(q22.1:q21)]. Clonal cytogenetic abnormalities were 
found in nine comprising two neuroblastomas, two 
brain tumours, and one each of retinoblastoma, 


Ewing’s sarcoma, Wilms’ tumour, osteogenic 
sarcoma, and lymphoma (table 2). The remaining 23 


were karyotypically normal apart from several single 
cell abnormalities. 

Analysable metaphases were obtained from six of 
eight relapsed tumours studied, five of which were 
abnormal and both specimens obtained from second 
look procedures had abnormal karyotypes. Overall 
lo out of 47 tumours studied had abnormal 
karyotypes (table 2). 


Discussion 


The aim of this pilot study was twofold. Firstly it 
was to assess the feasibility of collecting fresh viable 
tissue from most childhood solid tumours in. the 
Northern region and secondly, to carry out 
cytogenetic analysis of the specimens. This study has 
shown that both aspects are feasible with the 
cooperation of regional paediatricians, surgeons, 
and pathologists. Fresh material has been obtained 
from most tumours, and the use of a limited number 
of standard techniques by a single cytogenetics 
department has resulted in good quality analysable 
metaphase preparations in most cases. 

No single culture technique has so far proved 
superior. Further experiments may show optimal 
culture techniques for each tumour type. Many of 
the cultures showed karyotypically normal cells. 
These may well represent non-malignant cells, such 
as fibroblasts, within the tumour. We beleve, 
however, the clonal abnormalities obtained from 
tumour tissue at diagnosis did originate from tumour 
cells. Until larger numbers have been studied we 
cannot be certain that some clones do not represent 
a secondary abnormality, occurring in a genetically 
unstable tumour cell, brought about and selected by 
the culture conditions. Particular caution is neces- 
sary in interpreting clonal abnormalities in tissues 
that have been subjected to chemotherapy or 
radiotherapy, or both. 

None the less, the cytogenetic abnormalities 
found in cells from a heavily pretreated neuro- 
blastoma primary tumour." bone marrow metastases 
from another, and spinal fluid seedlings from a 
relapsed medulloblastoma are characteristic of those 
in untreated tumours.’ Also two of the clones (B 
and C) from a relapsed ependvmoma (data not in 
table) resemble the abnormalities described in the 
only other published G banded case of this disease." 
In all other cases, apart from the two remaining 
disseminated neuroblastomas, the abnormalities we 
have found have not previously been described. Of 
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Patient siatus 
ui ume Gf study 


Primary. tumour Long ire cultures 


Reunoblzstoma ND 
Osteogen-c sarcoma ND 
Ependvmoma ND 
Wilms” temour ND 
Wilms tumeur re 
Neurobkas toma PC 
Primitive neuroectodermal R 
tumour 

Ependymoma R 
Rhabdomyosarcoma R 


Metastatic tumour (site) Direct cusures 


T cell iemphboma ND 
(pleural Puid) 
Ewing's sarcoma NO 


(bene marrow) 


Neuroblastoma NO 
(bene marrow) 
Neuroblastoma ND 
{bene marrow) 
Medulloblastoma ND 


(bone marrow} 


Modulloolastoma R 
icerebrospinal fluid) 
Neuroblastoma R 


(Dene marrow) 











ND=newly diagnosed: R relapse; PC =postchemocherapy. 
*Details of these clones are avaukable on request. 


particular interest is the pr mitive neuroectodermal 
tamour (PNET), full deals of which are being 
published elsewhere.’ Podari er al have suggested 
that PNETs may be subdivided by their cvtogenetic 
features into peripheral neuroepitheliomas with a 
t( 11:22) and other PNETs showiag other karyotypic 
abnormalities. The tumcur described here falls 
into the latter group. 

This series of karyotypes highlights tbe current 
state of knewiedge of cytogenetic abnormalities ot 
solid tumours of childhood. each case coastitutes a 
significant contribution to our knowiedge. Although 
karyotypic abnormalities are being reported in- 
creasipgly a: international scientific meetings, most 
are published only as abstracts. Some patierns have 
begun to emerge. In retinoblastoma, isochromo- 
some óp appears to be a urique abnormality, !! and 
the one case of retinoblastcma in the present series 
also had an abnormality of chromosome 6. Alveolar 
rhabdomyosarcomas are associated with t(2;13), Er 


and € 


Abnermal karyotypes from childhood solid tumours 


te dnbie i reris rrr eril de dar e dra lI ANH NE HOHE RP RR I a AA rr rn riri tern eem rene PH Hitter Pr Hm 


Crait 


O—————————Á————————H TR re e H e ea cratered E E 


Karvotype 


46 XX/46. XX t(6:11(p21.3:;pI?5/92, XX XX 
46.XY t(2:3(pl 3:024) 

45. XY ,-16.1(6:16/46. X Y 

(750526 cells endoreduplicated) 

SAN Phot $3208 all, 

SI.XX.* 8.12.12, 13,07 .4(1:16)( p3;p22) 
46, X Y/A6, XY (19:21)/46, X Y .t( 10:10) 

46, X Y/46.XY ,Ip/46,X Y dpt .t(4:10).17p 
46, XY 4(3:10).1nv( 74 q32;p22)/46. X Y, + 
markers including ?del Rd 
?t(1:18)(q1?:421).. inv(5)(q22:023). 

?delt 4227 

6 different clones each. with. multiple markers* 
82, XX. 2.2,2,2.4,8,5.6,6.7,8.10,12.13, 
14.15,15.18,18,19,20,21.22.22 4 X M,. 

Ma, Ma. Ms. M: Ma M; 


45,XY * multiple markers/A7.X Y+ 
multiple markers 
46, X X/45, XX, —7.— 10. — 
?del 7.M,, +M; 
46.XX.-7.—22. £M, M: 

46, X X/polyploids with double minutes 


LES A2 EM, 


46, X X/polvploids with double minutes 

SU. XX, 5.6, 8,13. —11.— 17, — 22. t 1 Eq. 
+220, i(179 49. XX 5.6.48, —11. 17, 
22.4 ligt + llqt.+22p+.+i(l7q) 

46. X¥/double minutes 


46 XX/double minutes 


armen ne date 





and evidence suggests that 3p 14 —> 2] may be a 
non-random site for change in this disease." In 
addition to PNETs t(11;22) is associated with 
Ewing's sarcoma in some but not all cases."* This 
association raises the possibility that Ewing's sar- 
coma and some forms of PNETs have a common 
origin. In translocations involving chromosome 22 
the breakpoint arises in the region of the oncogene 
c-cis. The Ewing’s tumour described in this report 
did not have this translocation but did have an 
abnormal chromosome 22. 

The association of aniridia and Wilms' tumour has 
been linked with constitutional deletion of 11p13. 
Abnormalities of this chromosomal region have 
been detected in some Wilms' tumours from chil- 
dren with a normal constitutional karyotype.'^ 
Additional abnormalities of chromosomes 1 and 16 
may oecur in advanced tumours. '^ ! Recently the 
combination of hvperdiploidy. complex chromo- 
somal translocations, and an anaplastic histological 
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appearance of Wilms’ tumour have been associated 
with a particularly poor prognosis." 

After leukaemias, brain tumours remain the 
single largest group of malignancies in children. 
Until recently investigation of these tumours has 
been hampered by problems of nomenclature and 
classification, Others have already begun to 
approach the problem of improving diagnosis and 
prognosis and understanding their biology by under- 
taking cytogenetic investigations. "" 

The differential diagnosis of small round cell 
tumours of childhood includes rhabdomyosarcoma, 
lymphoma, Ewing's sarcoma, and neuroectodermal 
tumours. Despite the increasing use of specialised 
investigations, including monoclonal antibodies and 
electron microscopy, the identity of some tumours 
remains obscure.“ As in haemopoietic malignancy, 
cytogenetic investigation of solid tumours may 
emerge as an important diagnostic tool. At present 
prognostic factors in most children with solid 
tumours are limited to clinical and histopathological 
staging and in some cases histological subtyping. oe 
Cytogenetic abnormalities may provide additional 
prognostic information, but until many hundreds of 
tumours have been karyotyped we cannot begin to 
approach the level of diagnostic and prognostic 
value that now exists for leukaemias. Despite this 
relative lack of knowledge, the ability to detect 
cytogenetic abnormalities in metastatic sites and 
treated primary tumours may improve the accuracy 
of staging procedures and assessment of response to 
treatment." This comparatively simple aspect of the 
value of cytogenetic investigations has so far not 
been exploited. 

In conclusion. it is recommended that biopsy 
material from tumours in children should never 
automatically be put into formalin. The Northern 
region pilot study has shown that fresh biopsy 
material can be obtained from most childhood solid 
tumours and cytogenetic investigation can be suc- 
cessful in a wide variety of cancers. Cooperation 
between groups of workers in the field of paediatric 
oncology could lead to multicentre studies of fun- 
damental aspects of the biology of childhood cancer, 
one of which is the investigation of cytogenetic 
abnormalities. 


We thank the many surgeons, pacdiatricians, and pathologists who 
helped us obtain fresh tissue; Mrs Lorna More and the Northern 
region. Children’s Malignant Disease Registry: and Newcastle 
Health Authority Scientific and Research Committee and the 
North of E neland Children's Cancer Research Fund for funding 
this study. and Mrs Paula McEwen for secretarial help. 
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SUMMARY Ehlers Danos syndrome type IV is an often lethal disease caused by various 
mutations of type HI collagea genes. It presents in infancy and childhood in several ways, and the 
symptoms and signs include low birth weight. prematurity, congenital dislocation of the hips, 
easy inappropriate brusing (sometimes suspected as child battering), and a diagnostic facial 
phenotype. These fea:ures predict a lethal adult disease often complicated by fatal arterial 
rupture in early or midcle adult life. Most affected patients can be diagnosed from radiolabelled 
collagen protein profiles by polyacrylamide gel electrophoresis. Prenatal diagnosis by specific 
type IH collagen restriction fragment length polymorphisms is possible in some families, and will 
become increasingly important. Prenatal diagnosis and prevention of the disease in selected 
families is already possible and will be widely available in the future. 


Ehlers Daaios syndrome is an heterogeneous 
disorder of connective tissue characterised by 
abnormalities in the skin, ligaments, the pleuro- 
peritoneal Binings of the gastrointestinal tract, and 
the cardicvascular system. Of more than nine 
different forms of the disease type IV is particularly 
dangerous, often being complicated by lethal rupture 
of small aad medium sized arteries later in life.’ 
First described by Barabas” as the arterial type, and 
Beighton’ as the ecchymotic variant of Ehlers 
Danlos syndrome, specific molecular abaormalities 
were first identified in 1975.° The clinical range is 
wide and there are autosomal dominant and recessive 
forms of the disease. The so called 'scrogeric' form 
has a much worse progmesis than the ecchymotic 
form which probably has some degree of overlap 
with the Ehlers Danlos syrdrome type | <yndrome.| 
With the edvent of recombinant deoxyribonucleic 
acid (DNA) technology, aad advances in molecular 


biology, the gene for human type HI collagen has 


been cloned firstly as a cDNA covering the 3’ end, 
and more recently as full genomic sequences.” At 
least two restriction fragment leagth polymorphisms 
have been identified with which the metant locus 
can be traced in suitable families. The way is 
therefore cpen for prenatal diagnosis aad preven- 
tion of this disease, and because it often presents in 
childhood in a diverse and sometimes remarkable 
fashion we describe here the essential physical 


attributes as seen in infancy, childhood, and adoles- 
cence by paediatricians, rheumatologists, dermato- 
logists, geneticists, and general practitioners. 5ome- 
times these patients present first as new mutations, 
and at other times as members of affected families in 
which the disease has already been diagnosed in 
adults. Some patients presented to us in childhood, 
but in others the childhood history and clinical 
photographs of the adults were sufficiently interest- 
ing and relevant that we have included them. 


Case reports 


CASE | | 

A bov was born prematurely at 35 weeks' gestation 
weighing less than 2000 g. He had a cerebral 
haemorrhage, and then developed hydrocephalus. 
At birth he had a tight amniotic band deforming his 
right lower leg. His mother subsequently died at the 
age of 30 after a massive retroperitoneal haemor- 
rhage from a ruptured aorta. Photographs of the 
mother showed the typical features of acrogeric 
Ehlers Danlos syndrome type IV with large eyes and 
peaked nose, and premature aging of the hands 
(acrogeria). 

Examination of radiolabelled collagens from the 
child's cultured skin fibroblasts showed the typical 
profile of acrogeric Ehlers Danlos syndrome type IV 
(fig 1). The mother was the tenth of 11 children and 
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Fig 1 Radiolabelled '*C labelled collagen profile of case 1. 
Note intracellular retention and poor secretion of the mutant 
protein in tracks 2 and 3 compared with normal control in 
track 1. 


had normal parents and siblings. Her father was 
43 years old when she was born, and presumably the 
gene defect transmitted to her son was a new 
autosomal dominant mutant. 


CASE 2 

A girl was delivered by caesarean section (because 
of abruptio placentae and fetal distress) at 
38 weeks’ gestation of her mother’s first pregnancy; 
she weighed 2005 g. Her parents were second 
cousins. At birth she was noted to have unusual 
facies, dislocated right shoulder and hip and scanty 
subcutaneous fat. She subsequently failed to thrive, 
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developed serious feeding difficulties, and was 
transferred to Great Ormond Street hospital. An 
electroencephalogram showed an abnormal focal 
disturbance, and subsequent epileptic fits were 
reasonably well controlled with phenobarbitone. 
Chromosomes showed a normal 46XY karyotype. 
Her feeding difficulties were partially caused by a 
hiatus hernia and a malrotated stomach. 

She had extremely thin and soft atrophic skin with 
a prominent venous pattern (fig 2). Her joints 
dislocated easily, especially the hips and the 
shoulders, and her feet were long and looked 
somewhat delicate. She subsequently developed 
severe gastroenteritis and died. Necropsy was not 
done. 


CASE 3 

A baby boy was born prematurely at 30 weeks’ 
gestation after premature rupture of the membranes. 
He was the youngest of four children with completely 
normal siblings and parents. He had bilateral dislo- 
cation of the hips that responded well to conservative 
splinting. He was also noted to have generally thin 
skin and long, delicate fingers and toes that were 
somewhat hyperextensible, a phenotype similar to 
case 2 (fig 3a). When next seen (at the age of 
18 months) he was in hospital because of excessive, 
unexplained, persistent bruising. Examination 
showed the typically large eyes and pinched nose of 
acrogeric Ehlers Danlos syndrome type IV (fig 3b). 
Except for being slow to walk he was otherwise 
physically normal. Because of his parents’ extreme 
anxiety he has not been followed up regularly but at 
the time of writing had developed no further 
complications. 


CASE 4 
A 3 year old boy was referred with suspected Ehlers 
Danlos syndrome type IV. His mother had joint 
laxity, anorexia nervosa, and a history of spon- 
taneous rupture of the anterior tibial artery. The 
history was complicated by suspected battering of 
the child by his father and he had been admitted to 
the local paediatric department at the age of 
2 months with a fractured shin, a large right parietal 
bruise, and a subdural haematoma. He also had 
fractures of the lower end of the left tibia and fibula, 
and excessive bruising of his neck and face. Subse- 
quently he showed some developmental delay and at 
the age of 21 months had an estimated develop- 
mental age of 14 months and a speaking age of 
9 months. Having weighed only 2500 g at birth, he 
remained close to the 50th percentile for weight. 
When examined at the age of 3 he showed clear 
physical characteristics of Ehlers Danlos syndrome 
with a broad forehead and feet and obvious joint 
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Fig2 Case > note generally thin wrinkied skin. with prominent venous network, and long delicate feet. 


hypermobility (figs 4a and 5a and b). We did not 
consider his facial features diagnostic o^ acrogeric 
Ehlers Darlos syndrome (case |) but provisionally 
classified him as type ||] or III Ehlers Danlos 
syndrome. Subsequent investigations clearly placed 
him in the Ehlers Danlos syndrome type IV group. 
Firstly, cultured skin fibroblasts showed typical 
failure to secrete type III collagen into the medium 
with retention of a slightly higher molecular weight 
molecule in the cell layer (fig 6). Clinical photo- 
graphs of his mother’s face and hands (f gs 4b and 
5c) showed unmistakable acrogeric (lethal) Ehlers 
Danlos syndrome type IV. Clearly this gene had 
been inherited as an autosomal dommant, but 
presented atypically in childhood. 


CASE 5 

A 7 year old girl was referred by a dermatologist to 
whom she had been sent for assessment of mon- 
haematological bruising and a suspected history of 
non-accidertal injury. She had bruises or the limbs 
and trunk and poorly healed scars on her legs. Her 
skin was transparent with clearly visible superficial 
capillary and venous systems. She also had a 
thin nose aad lips, and large prominent eyes. Her 


13 year old brother had similar features and was also 
clearly recognisable as being affected from a photo- 
graph taken at the age of 2. Both children had been 
small babies (less than 3000 g when born at full 
term). Their mother (fig 7) showed the typical 
clinical features of acrogeric Ehlers Danlos syndrome 
type IV, without serious complications except for 
flexion contractures of the interphalangeal joints of 
her hands, and severely clawed feet as a result of 
tendon contractures causing flexion deformities of 
the metatarsophalangeal joints. Her facial features 
in childhood (fig 7a) had been identical to theirs; 
there was no other relevant family history. 


CASE 6 

A 9 year old boy presented incidentally when we 
examined his mother who had typical acrogeric 
Ehlers Danlos syndrome type IV. He had weighed 
2900 g when born at full term and up to the time of 
examination had had no problems. He had two 
normal elder siblings. He also was clearly recognis- 
able as having Ehlers Danlos syndrome type IV. His 
mother subsequently had an operation for rectal 
prolapse, ruptured her iliac artery and vein, and 
died. 


Clinical presentations of Ehlers Danlos syndrome type IV 
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Fig3a Case 3 at 34 weeks old when appearance is not diagnostic showing only thin skin and somewhat long feet similar to 
fig 2. Fig3b Case 3 aged 18 months with the characteristic facial appearance of acrogeric Ehlers Danlos syndrome type IV 


(large eyes, and thin nose and lips). 


CASE 7 

An 8 year old girl presented in 1979 to the local 
hospital with a history of persistent bruising since 
childhood. Detailed haematological examination 
was normal and she showed features suggestive of 
the Ehlers Danlos syndrome. When examined by us 
she did not show the facial features of acrogeric 
Ehlers Danlos syndrome type IV but had large eyes 
and thin skin. Her father, who had a history of 
bilateral recurrent pneumothoraces, also had thin 
skin prominent varicose veins, hypermobility of the 
joints, and large eyes. Neither patient has had any 
further problem at the time of writing, even though 
their tissues contained only traces of type Ill 
collagen and produced little from cultured skin 
fibroblasts. 


CASE 8 

A Cretan girl presented as a teenager with a history 
of having bruised easily and been loose jointed from 
the age of 3. She had weighed 3400 g at birth, the 
pregnancy had been normal. Noticeable clinical 


features included large, prominent eyes with blue 
sclerae similar to those in cases 4 and 6. Unlike them 
she showed extensive haemosiderotic staining of the 
anterior shins (figs 8a, b, c, and d). She had rather 
prominent capillary telangiectasia, and prominent 
venules over her upper anterior chest. Her otherwise 
normal mother had loose jointed fingers and a lax 
lumbar spine. Radiolabelled collagens from both 
mother and daughter showed somewhat diminished 
type III collagens (fig 8e) secreted into the medium 
(these were about 60-70% of the expected control 
secretions). In contrast to the acrogeric pattern of 
Ehlers Danlos syndrome, there was no abnormality 
of collagen secretion. 


CASE 9 

An unusual 11 year old girl was referred by a 
geneticist with a history of persistently low weight 
and short stature. She had continued below the 3rd 
centile and skeletal dysplasia had been suspected 
(particularly the Leri-Weil syndrome). Another 
unusual feature was rather sparse scalp hair, but in 
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Fig 4a 


(b) 


Fece of case 4 showmg broad forehead more suggestive of Ehlers Danlos syndrome type Lor II. Fig Ab. Mother of 





case 4: facial phenotype is clearly that of acrogeric Ehlers Danlos syndrome type IV. 


other respects she had typical Ehlers Danlos 
syndrome type IV. Collagen analysis showed type 
III collagen deficiency without retention. 


CASE 10 

A 9 yeer old girl was born weighing 2800 g at 
37 weeks’ gestation. Her mother immediately 
suspected an abnormality and subsequently the child 
persistently bruised easily. Acrogeria was diagnosed 
by her local dermatologist. Examination at the age 
of 10 confirmed typical acrogeric Ehlers Danlos 
syndrome type [V. Her cultured fibroblasts made no 
type III collagen (as measured by carboxymethyl 
cellulose chromatographs of radiolabelled collagens). 
At the time of writing she was of childbearing age, 
and anxious to have accurate genetic counselling. 


CASE 1] 

This 6 year old girl was the third generation of her 
family to be affected with acrogeric Ehlers Danlos 
syndrome type IV. Though many family members 
had died of the arterial eomplications of the disease, 


hers was biochemically atypical. Measurement of 
type IH collagen showed a 10-20% reduction in the 
quantity of normally sized protein. Subsequently we 
studied the familial segregation of a collagen ava II 
restriction fragment length polymorphism using a 3’ 
human type III cDNA as probe. This accurately 
predicted the disease and will be used in future 
for prenatal diagnosis and prevention in this family. 

The patient's abnormal physical signs included 
large eyes, a pinched nose, and a tendency to bruise 
abnermally. The phenotype of her adult family was 
similar. At the time of writing the child had 
developed no complications but undoubtedly she is 
at high risk of spontaneous arterial rupture in early 
middle age. 


CASE 12 

A |3 year old girl presented to the casualty 
department of her local hospital in The Netherlands 
with a migrainous headache. This resolved but 
shortly afterwards she had a transient left hemiplegia. 
An emergency arteriogram showed an ‘in and out 
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Fig 5a and b 
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Fig6  Radiolabelled collagens from case 4 separated in 5% 
polyacrylamide slab gels. Note poor secretion and abnormal 
retention (tracks 1 and 2) compared with normal control 
(track 3), which is typical of acrogeric Ehlers Danlos 
syndrome type IV. 


Broad feet and loose jointed hands of case 4. Fig 5c 
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Acrogeric hands of mother of case 4. 


dissection of the right internal carotid artery, and 
a computed tomogram showed partial necrosis of her 
right internal capsule. She made a complete recovery 
without residual signs. Physical examination showed 
the classical facies of acrogeric Ehlers Danlos 
syndrome type IV with large eyes, a pinched nose, 
and a madonna-like facies. Photographs taken when 
she was a baby clearly showed a recognisable 
phenotype. The biochemical investigations show a 
50% reduction of type III collagen without intra- 
cellular retention, which clearly distinguishes her 
from the usual acrogeric pattern. 


CASE 13 

A 33 year old woman died of an undiagnosed 
rupture of the splenic artery having been treated 
conservatively for suspected cholecystitis. Previous 
events had included a ruptured liver after the birth 
of her only normal child, though no severe problems 
had arisen during the pregnancy. Examination of 
childhood photographs show the diagnosis to be 
quite obvious in babyhood and childhood as well as 
in adult life (figs 9a, b, and c). Silver-Russell 
dwarfism had been suspected as she had always been 
a small child (below the 3rd percentile for height and 
weight). Biochemical investigation showed no type 
III collagen contained in tissue or produced in 


1022 Pope, Narcisi, Nicholls, Liberman, Wolff, and Oorthuys 





Fig 7aandb Childhood aad adalt facies of mother of case 5 showing typical acrogeric Ehlers Danlos syndrome type IV: 


note large eyes and thin nose. Fig 7c 


culture. She had intracellular retention of the 
protein typical of acrogenc Ehlers Danlos syndrome 
type IV. 


CASE 14 

A girl aged 7 was described to the Section of 
Paediatrics of the Royal Society of Medicine as an 
example of acrogeria.’ Her photographs at the time 
showed the typically thim skin and facies of acrogeric 
Ehler Danlos syndrome type IV (figs 10a and b). 
Her subsequent history has included recurrent 
bilateral pneumothoraces (treated by pleural 
stripping). a spontaneously ruptured spleen, and a 
ruptured left renal artery that was treated by 
nephrectomy. She alse had a miscarriage at 
l6 weeks’ gestation of her only pregnancy. Other 
complications included severe shortening of the 
right achilles tendon causing severe tapes equino- 
varus. At the time of writing she was 37 years old 
and had had no other serious complications. Her 
biochemical investigations showed a typical failure 
to secrete type III collagen that is retained in 
abnormal quantities intracellular y. 


CASE 15 

A young man died at the age of 16 of a ruptured 
aorta with dissection upwards into the subclavian 
artery and downwards in the abdomina: aorta below 
the renal artery. He had the classica features of 
acrogeric Ehlers Danlos syndrome type IV with the 
typical facies and profile of the disease (fizs 11a and b). 
Detailed investigation ef the family showed the 
autosomal recessive segregation of type III collagen 


Typical prematurely aged hand of case 3. 


deficiency. He was the first patient in whom 
molecular abnormalities of type III collagen were 
described. ^ 


Discussion 


Ehlers Danlos syndrome type IV (also called acro- 
geria, and the ecchymotic arterial form of Ehlers 
Danlos syndrome) is clearly one of the inherited 
connective tissue diseases with unique clinical 
characteristics and a specific biochemical profile of 
abnormalities of type III collagen." ^ The disease is 
usually easily recognisable and can present with low 
birth weight, and subsequent failure to thrive with 
small stature and low weight. Joint dislocations, and 
severe bruising with thin skin and capillary 
prominence or telangiectasia, are common. The 
facies and general characteristics of the severe 
acrogeric pattern are unmistakable (cases 1, 2, 5, 9, 
11, 12, 13, 14, 15, 16, and 17). Rather surprisingly 
case 3 was not diagnosed as acrogeric in childhood, 
though his mother was clearly in this group. The 
milder cases (4, 6, 7, 8, and 10) were in general 
easily recognised. 

Modern molecular biology has made possible the 
complete understanding of the molecular basis of 
this group of diseases, and we already know that the 
acrogeric group (with intracellular retention and no 
secretion of type III collagen) are different from the 
ecchymotic group (who usually produce diminished 
amounts of normally secreted protein that is not 
retained intracellularly). Case 13 is exceptional in 
having an ecchymotic biochemical profile but the 
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Fig 8a, b, andc Baby, childhood and adolescent facies of case 8. Fig 8d Pretibial ecchymoses in adolescence (case 8). 
Fig 8e Biochemical changes (case 8) show only lowered medium collagens tracks 1 and 3 compared with control in track 5. 


Neither patient nor control (tracks 2, 4, and 6) retain radiolabelled material intracellularly. 


acrogeric (vascular rupture) phenotype. Probably all 
patients deficient in type III collagen are at risk of 
vascular rupture, but this is invariable and often 
fatal in the acrogeric group. 

The gene for human type III collagen has been 
cloned both as cDNAs for the 3’ and 5’ ends and as 


long genomic fragments." " At the time of writing 
two protein mutations had been identified in patients 
with Ehlers Danlos type IV. The first produces a site 
abnormally susceptible to pepsin in what seems to 
be a lengthened protein'’; the second produces a 
large deletion that results in a mutant protein of 5/7 
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Fig 9a, b, andc Baby, chizáhiood, and adult “acies of case 13 showing typical acrogeric Ehlers Danlos syndrome type IV. 


The diagnosis is unmistakable in ali three pictures. 





Fig l0 Childhood and adul: facies of case 14. Both show unmistakable acrogeric Ehlers Danlos syndrome type IV. The 


childhood photograph was originally publishec in 1957.” 


the norma! size, and a larze deletion in mRNA and 
genomic DNA seen on Northern and Southern 
blotting.'' So far we have found only euantitative 
abnormalities in type II! collagen mRNA (in case 
13) and no evidence of major deletions. Probably 
the mutations causing the obvious pro ein abnor- 
malities are subtle and therefore difficult to detect, 
but recent rapid advances in molecular biological 


techniques suggests a strong likelihood that we shall 
be able to identify them in the reasonably near 
future. There appear to be a number of clinical and 
genetic subgroups of this disease and at least five 
separate types are likely. The clinical features of so 
called acrogeria as described by Gottron'? and 
Bazex and Dupre” are identical to those described 
as acrogeric Ehlers Danlos syndrome type IV. Bazex 
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Figll Front face and profile of first patient with acrogeric Ehlers Danlos syndrome type IV in whom type III collagen 


deficiency was discovered. 


and Dupre's original patient was identical to those 
patients with acrogeric Ehlers Danlos syndrome 
type IV (figs 6, 7, 9, 10, and 11). 

The differential diagnosis includes other forms of 
Ehlers Danlos syndrome, especially types I, II, HI, 
and VII. Type VII may be completely separated on 
clinical grounds and the persistence of procollagen 
extension sequences produced in culture or contained 
in tissues that are resistant to pepsin. The specific 
finding of type III collagen mutations exclude the 
other types, so that type III collagen mutations 
stand apart both clinically and biochemically. 
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A profile of abuse 


L S TAITZ AND J M KING 


Department of Paediatrics, Children's Hospital, Sheffield 


SUMMARY Of 260 children considered to have been the victims of child abuse or neglect, or 
ooth, 149 suffered non-accidental injury, 71 had evidence of growth problems, 87 had 
developmental and speech delay, and 63 showed evidence of appreciable behaviour disturbance. 
While the overall prevalence of development and behaviour problems in the series was high there 
were particular associations noted between growth problems and developmental delay, between 
increasing age and bebaviour disturbance, and between evidence of emotional deprivation and 
both behaviour disturbance and developmental delay. Children with non-accidental injury but 
w.thout growth problems or emotional deprivation were least likely to show behaviour or 


developmental problems. 


The features associated with child abuse and neglect 
can be classified according to whether they describe 
factors that cause the abuse (primary) or its conse- 
quences. Thus primary factors (causat-ve) such as 
parental violence, sexual deviance, or lack of 
atention lead to understimulation and emotional 
deprivation; poor feeding practices or poor physical 
care may lead to identifiable injuries, sexual abuse, 
behaviour disturbances, intellectual mpairment, 
failure to thrive. and evidence o? physical neglect, 
respectively. It is important to distingu sh between 
these two categories as the first only indicates that 
circumstances exist, which might have censequences 
for the child, while the la ter provides evidence that 
the child has actually suffered harm. It is common 
knowledge that some children seem tc escape the 
ccnsequences of living in depriving and abusing 
families relatively unscathed. A child siven loving 
care and attention by one partner »ut who is 
persistently sexually abused by another is likely to 
suffer as severe behaviour problems as a child 
subjected to severe emotional deorivation. Isolated 
episodes of neglect or even violence may be much 
less damaging to long term development than 
persisting chronic mismanagement. 

There is little informat on about the nterrelation 
of various forms of abuse and neglect. The present 
report is a descriptive analysis of 260 caildren who 
have been the subjects of child abuse presenting to 
the Children’s Hospital in Sheffield over a period of 
l0 years. 


Patients and methods 


The sample consisted o: all children with clinical 


evidence of abuse and neglect referred to one 
paediatrician (LST) between 1975 and 1986. The 
children were seen either in outpatient clinics or 
after admission to the ward. All the children had 
suffered either non-accidental injury, sexual abuse, 
non-organic growth problems in association with 
adverse home circumstances, developmental or 
speech delay not due to any intrinsic defect, gross 
physical neglect, or various combinations of these at 
either the time of initial assessment or subsequent 
follow up. No child was included in the series unless 
at least one of these findings was present. Additional 
findings included in the study are behavioural and 
emotional problems and evidence of emotional 
deprivation. 


DEFINITION OF PROBLEMS 


Growth 

The children in this category were included on the 
basis of our definition that has been reported in a 
previous study. ! 


Developmental/speech delay 
Three categories of cases came under this heading: 


(1) Children under 2 years of age (57% of the 
series) who underwent standard developmental 
screening either by the Denver method" or that 
of Illingworth.^ Children who were at least four 
months behind chronological age in social and 
cognitive development including speech were 
classed as having developmental delay. All 
these children had normal psychomotor mile- 
stones. 
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(2) Children over 2 and under 5 years of age 
(28%) with delayed speech who were assessed 
by a speech therapist who considered that 
active intervention was required. 
(3) Schoolchildren (1696) whose learning skills 
were considered sufficiently impaired to require 
special help. 
All the preschool children with developmental delay 
had impaired speech development—that is, impair- 
ment in language development but not including 
problems of articulation. In all these cases alternative 
explanations ror developmental and language delay 
were considered and 15 children with problems such 
as hearing loss, global delay beginning in early 
infancy, and syndromes associated with mental 
retardation were excluded from this part of the 
analysis. 


Emotional deprivation 

In addition to clinical evidence of possible abuse and 
neglect on examination evidence of one primary 
(causative) factor, emotional deprivation, was 
considered. Evidence for this depended on descrip- 
tions by community doctors, health visitors, general 
practitioners. and social workers in either reports or 
minutes of previous case conferences concerned 
with the child and its family. These observations 
included statements that parents did not hold, 
cuddle, speak to, or play with the child and that they 
did not respond in an appropriate way to their needs 
or showed excessively rigid attitudes to such matters 
as behaviour or cleanliness. 


Behavioural or emotional problems 
These children fell into three categories: 


(1) Those who were referred independently of 
the authors to child psychiatrists or psycho- 
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logists and assessed as being sufficiently 
disturbed to require further help. 

(2) Children who on admission to hospital 
were noted to be disturbed and whose problems 
were confirmed by a child psychiatrist. 

(3) Children whose behaviour at school led to 
some sort of action such as exclusion from 
class, transfer to a special school for emotionally 
disturbed children, or to residential care. 


As this was not a prospective study and concerned 
follow up of children over many years, no formal 
assessment of behaviour was carried out but all cases 
in this category were considered by independent 
agencies or services to be appreciably disturbed. 

Statistical analysis was by x^ with 95% confidence 
intervals based on the odds ratio, and Mann- 
Whitney U test. 


Results 


There were 260 children in the series referred to the 
Children’s Hospital, Sheffield between 1975-86. 
Table 1 summarises the various categories of abuse 
in the series, the percentage of children in each 
category initially, their mode of referral, and the 
prevalence of various forms of abuse and neglect 
after investigation. 

One hundred and fourteen cases out of 129 that 
were initially diagnosed as non-accidental injury 
were referred by emergency services (88%) whereas 
cases of growth problems were referred mainly by 
primary care services, general practitioners, and 
health visitors (34 out of 47 cases; 72%). 

After the initial diagnosis more cases were recog- 
nised either at first assessment or during subsequent 
follow up: non-accidental injury, 20 (13%), growth 
problems, 24 (34%); emotional deprivation, 69 


Table1 No (96) children with primary diagnosis at first examination in relation to nature of referral and prevalence of 


features of abuse after full assessment (n=260) 


Nature of referral All cases Non- Growth 
accidental — problems 
injury 

Emergency services 168 (65) 114 (88) 10 (21) 

Primary health services 74 (29) 12 (9) 34 (72) 

Baby clinic (hospital) 10 (4) 0 1 (2) 

Hospital transfer 8 (3) 3 (2) 2 (4) 

Total 

Initial 260 129 (50) 47 (18) 
Final’ 149 (57) 71 (27) 


*Exceeds 100% because of multiple findings 


Emononal Physical Emotonal Speechi Sexual 
deprivation neglect and developmental abuse 
behavioural delay 
problems 
23 (49) 11 (58) 2 (29) 1 (25) 3 (43) 
5709  sQ9 sm) 3 (75) 4 (57) 
6 (13) 2 (11) 0 0 0 
1 (2) 1 (5) 0 0 0 
47 (18) 19 (7) 7 (3) 4 (2) 7 (3) 
116 (45) 84 (32) 63 (24) 87 (34) 7 (3) 


Total mitial and final percentages are calculated from the total number of cases, all other percentages are calculated from the unttial total in 


that category 


1028 Taitz and King 


Table2 Ase ranges at diag12.is oj various categories of abuse 





Category Nc* Mean (SE) 
age in years 
Whole series 260 2:29 (0-18) 
Non-acoidented :njury 149 2-48 (0-22) 
Growth prcbicnas 7i 1-60 (0-25) 
Speecl/devzkx»mental delay 87 2:05 (0-30) 
Behavioura/enotional problems 63 4-0 (0-46) 
Physical ne zlezt 84 2-76 (0 36) 


Rang Standard Companson of each subset 

deviation with the rest of the sample 
{Mann-Whitney p valuc)t 

0-14 2-89 — 

0-13 2-66 +p<0 01 

0-12 202 —p«0-05 

0-13 2-50 —p«0-05 

0-14 3 60 +p<0 001 

0-13 3-20 Not significant 


"Total in numer column exceeds auriber m samp? because of multiple feam.re in many subjects 
TEach subsct i: compared with tne estaf the sampic with the individuals in the subset removed, + or — indicates the direction cach subset 


differs fren tirs rest 


By Mann-VLitney U test grovt moslems v be: avioural/'emotional problems, p« 0-001; non-accidental injury v growth problems, 
p<0-05; nor-azcidental injury v 22Eavioural problems, p<0-05 In each subset. the subset being compared has been omitted where overlap 


occurs 


(60%); reglect, 65 (77% ; behaviour problems, 
56 (8995; and evidence cf deve.opmeatal/speech 
delay, 83 195%). Statistica. correlation was based on 
presence of these features at the end o? the study 
period. 

The eg2 distribution of the various cztegories 1s 
summarisez in table 2. 


DEVELOPM ETIT AND SPEECH CELAY 

A total o? €7 (3496) out 07 2€0 abused oc neglected 
childrer. skewed eviderce cf developmental or 
speech delzv, or both. In feur cases this was the 
primary ciaznosis while ia £3 iz was an associated or 
subsequent finding. The essociation w.th growth 
failure znd 3on-accidental injury is showr in tables 3 
and 4. 


Table3 Chalcren with deve.cprental/speech Jelay 
associated sih growth problera. arc non-acctazntal injury 








N> (4) Total o So In 
(% in each 
series subset 
{n=260) 
Devcloprrerta 
speech delay nd, 
associatec. w th. 
Growth pao»lems 3E :efi 71 (27) 54 
Non-accid zrtal 
injar” 4, 84] 149 (57) 32 
Non-acad:rtal 
injury aaaout 
prow bh aroblems 2€ (Si 116 (45) 22 
Growth problems 
wit3Ccu- 
non-zccxiental 
injure 1; “ey 38 (45) 45 
Growth pxcblems 
anc romacadental 
injar” 21 41 33 (12) 64 


pM PRON ta LLLA PT HH TN NN KR C C 


The results of x^ analyses of these data show that 
after correction for overlap among subsets, growth 
problems are significantly more often associated 
with celay than non-accidental injury but that the 
combination of growth problems and non-accidental 
injury has a higher prevalence of developmental 
delay zhan either alone. 


Table4 Comparisons of prevalences of developmental/ 
speech delay in children with growth problems and non- 
accidental injury 








xi Odds ratio p Value 
(9596 confidence 
uttervals) 
Remaining cascs in 
series Zompared with. 
Grcwth problems 1640 329 (1-79 to 6-05) «0 001 
Nor-accidental 
irjury “039 081 (047to 1-42) NS 
Grewth problems 
w.thout non- 
8 cidental injury 198 1-76 (0-83 to 3 73) NS 
Nor-accidental 
irjury without 
growth problems 10-6* 039 (02210 0-70) «0-001 
Growth problems 
and non-accidental 
injury 13-9 4-26 (1-87 to 9-80) «0-001 
Growth sroblems only 
compered with 
non-ascidental injury only 6-02 2 80 (1-20 to 6-50) <0 01 


Growth 3roblems and 
non-aecidental injury 
compered with 
nor-accidental injury 
witho.t growth problems 18:3 

All growth problems 
compered with 
non-accidental injury 
withovt growth problems 17 6 


6 06 (2-40 to 15 20) «0-001 


3-99 (200 to 800) «0 001 





*Negative relation 


EMOTIONAL AND BEHAVIOURAL PROBLEMS 

Only seven children were initially found to have 
evidence of behaviour disturbance. Some other 
form of abuse or neglect had been previously noted 
in the remaining 56 cases. The factors associated 
with children showing behaviour and emotional 
problems are summarised in table 5. There was 
significantly more disturbance among children who 
had developmental delay and physical neglect than 
for the rest of the series (y? 15-6; p<0-001). The 
prevalence of disturbance in relation to age is shown 
in table 6. 


EMOTIONAL DEPRIVATION 

Evidence of deprivation was present in 47 (1876) out 
of the 260 children initially and rose to 116 (4576) 
with follow up. The highest prevalences of depriva- 
tion were seen in children who had developmental/ 
speech delay, emotional and behaviour problems, 
or physical neglect (table 7) All the children 
initially diagnosed as being emotionally deprived 
subsequently developed one or more of the other 
features listed 


RELATION OF NON-ACCIDENTAL INJURY TO OTHER 
FINDINGS 

Sixty seven (45%) children out of 149 with non- 
accidental injury had neither growth problems nor 
were considered to have been emotionally deprived. 
Of these six (9%) had developmental/speech delay 
and five (8%) had behaviour disturbance. Of those 
82 (55%) children with non-accidental injury who 
had either growth problems or emotional depriva- 
tion, or both, 41 (50%) showed developmental/ 
speech delay and 30 (37%) had behaviour disturb- 
ance. The differences between the two groups was 
highly significant for both developmental/speech 
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Table 6 Changes in prevalence of emotional and 








behavioural problems with age 
NoiNo in 
whole series 
(%) 
Children with emotional and 
behavioural problems 
«2 years 19/147 (13) 
«2-4 years 13/52 (52) 
<4-6 years 12/28 (43) 
<6 years 19/33 (58) 





Row x column y? (multiple contingency) 35-5, p<0-001, 7°<4 years 
compared with >4 years 28 8, p<0-001 


Table7 Companson of prevalence or deprivation in 
various forms of child abuse 


d p Value Odds ratio (95% 


confidence intervals) 


Non-accidental injury 
(58/149) compared 
with the rest (58111) 

DevelopmentalVspecch 
delay (64/87) 
compared with the 
rest. (29/173) 

Emotional behaviour 
problems (45/63) 


4-05. <0-04* 058 (0-34 to 0-98) 


788 «0-001 13-8 (7 10 to 27-10) 


«0-001 — 4-4 (2-30 to 8-60) 


«0-001 3:58 (2-00 to 6-40) 


(81/189) 062 NS 1:30 (0-72 to 2 30) 
In each subset, the one with which it i5 being compared is omitted 
*Negative relation. 


Table 5 Factors associated with children showing behavioural and emotional problems (n=63) 


No!No tn 
each subset 
(76) 
Emotional and behavioural problems associated with 
Whole series 63/260 (24) 
Non-accidental injury 35/149 (24) 
Growth problems 9/71 (13) 
Developmental/spcech delay 31/87 (36) 
Physical neglect 29/84 (35) 
Non-accidental injury compared with 30/114 (26) 
growth problems 6/41 (15) 
Non-accidental injury compared with 18/102 (18) 
developmental/specch delay 16/48 (33) 
Growth problems compared with 338 (8) 
developmental/speech delay 27/59 (46) 


*Fishers's test of exact probability 


} 


x Odds ratio p Value 
(95% confidence 
intervals) 

1 69 2 08 (0-74 to 6-14) NS 

3-7 0-43 (0 18 to 1 01) NS 

i — «0-01 
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delay (4^27-9, p<0-001) and for beheviour problems 
(x? 15-8; p<0-001). 


Disc issicn 


The effect= of child abuse and neglect on develop- 
men anc behaviour have been the subject of recent 
concern.” Their associztion with poor growth is a 
well knowr phenomenon ë It has also >een noted 
that abu:ed children wao failed to thrive subse- 
quently ceveloped 'intell»ztual and verbal failure to 
thrive’ ard were becomimg ‘problem chi dren'.? 

The cause of growth fatlure i1 aoused and 
neglected children remains a matter for specu- 
lation!) with workers dividing becween those who 
regard it as primarily a n.xzritioaal problem"! ? and 
those wko emphasise ti» endocrine disturbance 
secordary to deprivatior..?** In either event the 
presence o- poor growtn is very likely to be 
accomparied by a discrzanssd, disrupted, and 
deprived family environrent that would help to 
explain tke unfavourable »rognosis for mtellectual 
and teharrcural developriznt.!¢ 17 Unde-lying poor 
nutrition zy be common to koth hypotaeses.' 

Although some catch u» in physica: growth tends 
to occur with time,’ it mz} not allow for the 
attainment cf full genetic potential for size and may 
not b2 zszcciated with fdl recovery of intellectual 
potential. ë Some childrea may, however, be very 
resilient $o adversity arc d= well despite their 
backgrourd of abuse.'? 

Some aatkors have def red the underlying cause 
of growth failure as a combination of absence of 
proper maternal attachment with perertal anger, 
hostilty, acd hate,!^ a combination likely to result 
in developmental delay amd behaviour disturbance. 
Our data stow that such secondary features are 
common and illustrate the importance of careful 
paediatric evaluation of a.l abused children. It may 
be thet thes» phenomena stem frem events at, or 
soon zfter birth of the cEi d ‘eading to a disturbed 
child-»area: relationship. ™ In view of the fact that 
in an zpprec&ble proportion of children w.th growth 
failurenc ase, either orgerico-> psychological can be 
detected.* psychosocial growtn failure saould not 
be dicgno-ed without addational evidence of poor 
parenung or the consequerces cf abuse cr neglect. 
Physical neg.ect appears to be a useful ‘marker’ for 
emotionzl deprivation anc ts consequences. 

The-pre"zkence of developmental/speeca delay in 
the cohort 5: abused and neglected childrer reported 
here is higa : 3496), higher -har would be expected 
in the zenera. population. It is l:kely that tae degree 
of delay 2xkrbited by these chi dren is in excess of 
what migh- be expected scr any equivalent group 
but in zhe ctrence of popu-ctior data this zannot be 


certain. The comparisons in this study are relative 
and. indicate that problems of growth rather than 
physical injury are more likely to be associated with 
delzy. This is not surprising when it 1s recognised 
that: whereas physical injury can be the result of a 
relatively short term maladjustment, growth 
probiems indicate much more long standing difficul- 
ties. This difference also indicates that delay in 
speech and development is more than merely an 
epiphenomenon ın the child abuse spectrum.” 4 

The appreciably higher age distribution of the 
injuzed children is to some extent accounted for by 
the ‘over-chastisement’ of older children. In a 
proportion of these this appears to stem from 
intolerable disturbed behaviour due to neglectful or 
abusive parenting in the past. The older abused 
chilcren thus fall into two categories: those in whom 
there has been a long term history of mismanage- 
men: and those in whom the abuse—usually non- 
accicental mjury—is the result of recent change— 
that is, a new step father or cohabitee or some 
negazive change in family circumstances. The former 
are likely to show the emotional and developmental 
consequences of long standing abuse and neglect. 

Nineteen (58%) of the 33 children over 6 years of 
age kad behaviour or emotional problems. Nearly 
half -he children with these problems had develop- 
mental'speech difficulties in contrast with less than 
one third of the series as a whole. Relatively few of 
the younger children with growth or development 
problems showed behaviour difficulties probably 
because of their age. 

The children who showed developmental delay, 
and in the older children disturbed behaviour, were 
most likely to have been emotionally deprived. The 
higher prevalence of development and behaviour 
problems in non-accidentally injured children who 
had either shown growth problems or evidence of 
emot:onal deprivation also points to the effect of 
more chronic poor parental practice on abused 
childwen. The prevalence of emotional and 
behavioural problems would be expected to rise as 
the irfants and toddlers in the series reach school 
age. Given as overall prevalence of 24%, which rises 
steadily with age, these children pose major 
problems despite all efforts at rehabilitation. Many 
older abused children appear to emerge from their 
experence with senously damaged personalities 
despite active intervention. A pattern of abuse 
manifesting as injury with growth problems and 
developmental delay may not be readily amenable 
to rehaLilitation as these are the children most likely 
to develop behaviour problems and learning 
difficulty. It 1s disturbing to note the increasing 
proportion of children with emerging personality 
problems with increasing age (table 6). 


The virtual absence of children with sexual abuse in 
this series stems from two factors. In the first instance, 
most of the cases come from a period where sexual 
abuse had not gained its current importance. 
Secondly, during the latter few years of the study 
most children who were considered to be primarily 
sexually abused were not included unless there was 
evidence of other forms of abuse, as this study was 
not primarily concerned with sexual abuse. It is 
possible that at least some children 1n the series also 
suffered sexual abuse that was not diagnosed. 
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Aetiology of mild mental reta-dation 


M A LAMONT ANLE N R DENNIS 
Department of Child Healt, Southarr.pton General Hospital, Southampton 


SUMMakY A clinical and family study was carried ow: in 169 children attending schools for the 
mildly mentally retarded in Southempton to assess -he prevalence of recognised medical risk 
factors; 71 children (42%) had such risk factors. These were prenatal in 22, perinatal in 41, and 
pos-natal in eight. Risx factors of possible, but less cer ain, significance were found in a further 63 
childrer. (37%). In 86 families (51%) there was a histcry of serious educational problems in both 
parents The prevalenze of both types of risk factor wes higher in the children whose parents had 
no educational problems. There were, however, 25 ch ldren (15%) whose parents had no history 
of educational problems aad in wiom medical risk factors were either absent or minimal. 


The traditional view tha: mild mental retardation 1s 
largely caused bv polygeric and sociocultural influ- 
ences has been challenged by recent studies.!? 
Increasirg ability to identify genetic syndromes, 
chrcmosome abnormahties, and btocheraical defects 
associated with mental retardation, hzs extended 
the scope of diagnosis and the possibiity of attri- 
butiag mental retardation to a specific cause. We 
therefore undertook a study of children attending 
schcols -z the mildly mer-tall7 retarded o assess the 
contnbuion of medica. erd especialy genetic. 
factors of recognised aeticlogica] -mportance. 
Mecical factors of possibE but nct fully established 
relerance were also recordec. We hoped to assess 
the zxtemt to which mild mental retardation in the 
loca. population might de reduced by eanly diagnosis 
follcwed by treatment, genetic courselling, or 
prematz] ciagnosss. — . 

Children identified a: having delayed develop- 
men: during preschool years are usuall» seen by a 
paeciatrician for assessment, but mild mental re- 
tardation may not be apparen: until arter a period in 
a normal school. Child-en referred for special 
education at this stage ane not usually recerred for a 
paediatriz opinion unless there is a specific indi- 
caticn. We hoped that this study world provide 
guidelines for the medica. investigation of children 
atterding schools for the mildly mentally retarded. 
Non-mecical factors suck as parental education and 
home environment are coasidered briefly here, but 
are the subject of another r22ort.* 


Patients and methods 


Schools sor the mildly mentally retarded provide 
educatior for children vith learmng difficulties; 


there are separate schools for children with physical 
hand caps. Southampton is well provided with facil- 
ties fr mildly mentally retarded children. Referral 
requices parental approval but is otherwise unres- 
tricted. The survey was carried out before the 1983 
Educztion Act which encourages integration of ‘less 
able’ pupils into normal schools, and hence children 
were more readily referred than at present. 

The study population was drawn from children 
aged 7-11 years attending the three Southampton 
schocis that provide education for mildly mentally 
retarced children. At the time of the study the total 
schoci population aged 7-11 years was 11 921, of 
whom 229 (2%) attended schools for the mildly 
mentelly retarded. One hundred and sixty nine 
children (93 boys and 79 girls) were included in the 
study. The parents of 31 children declined to take 
part cud the parents of 19 did not actively refuse, 
but d.d not cooperate.: Six children who were in 
foster homes and four who left school 1n the course 
of the study were also excluded. 

Chr dren referred to schools for the mildly men- 
tally retarded do not always have their intelligence 
quotient (IO) tested beforehand. Referral is usually 
because of an inability to cope with normal educa- 
tion, end IQ assessment by an educational psycho- 
logist is secondary. Eighty nine (53%) children in 
the su-vey had IQs within the accepted range of mild 
mental retardation (IQ 50~70).° Seventy five (44%) 
were >f borderline intelligence (IQ 71-85). Five 
(3%) had not had a formal test. The study was 
therefore not confined to children with mild mental 
retardzdon, but included children of borderline 
intelligence whose learning problems had been 
sufficient to merit referral to a special school. 
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With the cooperation of head teachers and with 
the knowledge of family doctors, parents of children 
attending the schools were invited by letter to take 
part in the survey. Those who agreed were visited at 
home where a family history was taken and parents 
were asked about their own medical and educational 
backgrounds. They were asked for details of preg- 
nancies, and the births, early development, and 
education of all their children. Blood and urine 
specimens were taken from the mothers, and written 
permission was obtained for study children to be 
seen and tested. School medical records and hospital 
records were checked for information about the 
children's medical histories. 

At school each study child had a detailed clinical 
examination that included measurements of height, 
weight, and cranial circumference, and inspection 
for minor malformations including abnormal skull 
shape, unusual facies, abnormal ears, hypertelor- 
ism, epicanthic folds, high palate, asymmetric 
chest, wide spaced nipples, clinodactyly, single 
palmar crease, abnormal finger creases, minor 
malformations of fingers and toes, and abnormal 
dermatoglyphics. Coordination was tested by hand 
tapping, finger/thumb and finger/nose apposition, 
heel/toe walking, and hopping. The child's perform- 
ance in each test was rated as satisfactory or poor. 


Tablel Medical features of probable aetiological 
unportance in 71 mildly mentally retarded children 


Aetiological feature No of 
children 
Prenatal 
Chromosome abnormality 8 
Malformation of the central nervous system 5 
Infection 2 
Sotos’ syndrome 1 
Aarskog's syndrome 1 
Rubenstein-Taybi syndrome I 
Cohen's syndrome 1 
Prader-Willi syndrome 1 
Alcohol fetopathy 1 
Inborn error of metabolism 1 
Perinatal: 
Twitchmg or cyanosis dunug first week 16* 
Apgar score <7 at 5 minutes 16t 
Fetal distress 101 
Blue or limp at birth 4 
Postnatal- 
Infection of the central nervous sytem 3 
Apnota 2 
Status epilepticus 1 
Intracramal haemorrhage 1 
Severe pertussis 1 


“Includes two with prenatal signs; fincludes three with prenatal 
features, idiagnosed by obstetrician. 
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Poor performance in two or more tests indicated 
incoordination. The same series of measurements, 
examination for minor malformations, and co- 
ordination tests was carried out on 55 children in the 
same age range attending normal schools. Blood 
and urine samples were taken from the study 
children. All urme samples were screened by 
standard methods for glucose, protein, blood, 
ketones, cysteine, cystine, and homocystine. Quan- 
titative amino acid analysis was done on mothers’ 
blood samples with a Rank-Hilger-Chromaspeck 
amino acid analyser. Blood spot screening for 
hypothyroidism and phenylketonuria, and chromo- 
some analysis including examination for the fragile 
(X) chromosome, were done on children’s blood 
samples. 

Perinatal factors in index children with no major 
prenatal or postnatal factors were compared with 
those of their unaffected siblings (attending normal 
schools) who acted as paired controls. The control 
sibling was defined as the one nearest in age to the 
index patient, and those index patients with no 
unaffected siblings were left out of the comparison. 

Postnatal events were considered significant if the 
child had been developing normally before the 
event, but showed developmental delay thereafter. 


Results 


KNOWN RISK FACTORS 

Medical features that probably contributed to the 
referral were identified 1n 71 of 169 children (42%). 
(table 1). Only five children had more than one such 
feature, and all of these had a combination of 
prenatal and perinatal features. 


Prenatal features 
Chromosome abnormalities were present in eight of 
22 children with prenatal features. These have been 
described elsewhere. Three children—two girls 
with Down's syndrome, and a boy with karyotype 
46,XY ,14q--—were known to have a chromosome 
abnormality before the survey. The others included 
three boys with sex chromosome aneuploidy— 
47,XXY (2), and 48,XXYY (1), one girl with an 
autosomal deletion—46,XX,del(15)(q11-2;q13-1), 
and one girl with an X-autosome translocation, 
46,X,t(X;19). None of these five children had 
obvious dysmorphic features. Mothers of four 
children—the two with Down’s syndrome, one boy 
with Klinefelter’s syndrome, and the girl with 
karyotype 46,XX,del(15)—were aged 38 years or 
over when the children were born. 

Two children had ‘Mendelian’ syndromes; one 
boy had Sotos’ syndrome and his mother also had 
features suggestive of the syndrome. One boy had 
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Aacskog's syndrome. Taere was no family history of 
reterdatio1. but his mother and grandmother were 
of short. stature and had ptcsis. Three -hildren had 
'non-Mer delian' syndrcmes associated with mental 
reterdat.cn. One boy had Kubinsteir-Taybi syn- 
drome, witch had been identifed at birth. Two 
children. were identified -n the survey; >ne girl had 
Coben's syndrome, aai cne had Prader-Willi 
syndrome, without = dsmonstrabE chromo- 
some abmormahty. Oi three girls with micro- 
cephalv, on2 had minor dysmorphic features that 
did 10t fit into any recozaised syndrome; the other 
two had no associated physical features. All three 
had pronrzunced incoordination Twc boys had 
hydsoceptalus, one of whick had beer diagnosed 
and treazed surgically wken he was recerred for a 
clicking hir at the age of 4-wecks. The otaer, born at 
34 weeks’ aestation, had birth asphyxia and a stormy 
neoratal course. Hydrocephalus, noted at 7 weeks 
of aze, was not treated surrically. 

Two children had had prematal 1nfect.ons. Toxo- 
plasriosis wes diagnosed at the age of € months in 
one child who had sez2re retinal scarring and 
intracran al calciication The mother ef one boy 
had accuirec syphilis in tre first crimes er, and he 
hed antibodies present az birta. One chdd, with an 
alcoFolic mother. had features of the fetal alcohol 
synd-ome. One other mother acmitted to heavy 
drinking m 2regnancy; her chile had an *-autosome 
trans ocation but no fea-ures of fetal a.cohol syn- 
drome. Congenital adrenal Fyperplasia had been 
diagrosec in a child at the age of 5 days. This led to 
a criss seven weeks later with fitting, op sthotonos, 
and subsezuent facial dalsy The investigations 
carried ott on urine and E1506 samples dr not show 
any tioche=-nical defects i1 mo-hers or cluldren, nor 
any hypo:hzroidism in taz children 


Perinatal features 
Nineteen zhildren had been bora outside the South- 


TableZ Feranatal features ir 120 rildly menta-ly retarded 
children end paired siblings receivir.g normal ecucation 
who a-ted cs control; 


No of 


«tudy normal 
children children 
No adverse Bance 3; 111 
Adversz features: 
Fetal distress 5 3 
APger score <7 
at 3 mimites E 5 
Blue or imag at birth 2 1 
Twitehing 5r > anos 
du ang first: week IL 0 


ampton district; birth records for nine could not be 
traced, but the mothers gave no history of perinata) 
problems. Six children had been born at home: one 
was admitted to hospital blue and limp shortly aftei 
birth, but there was no history of perinatal stress ir 
the other five. Thirty nine children had been born ir 
small peripheral hospitals where Apgar scores were 
not roctinely recorded. Three of these children whc 
were blue and limp at birth and were transferred tc 
special care units have been included in the groug 
with recognised permatal stress. A history of peri 
natal stress was the only recognisable risk factor ir 
41 children. Five children with an adverse perinata 
history also had a significant prenatal feature—twc 
children had chromosome abnormalities (47, X XY 
46,XX,del(15)), and one boy with hydrocephalu: 
had low Apgar scores; the other hydrocephalic bo: 
and the child with congenital adrenal hyperplasi: 
had recorded neonatal twitching. 

One hundred and twenty study children with nc 
recognisable prenatal or postnatal risk factors hac 
siblings receiving normal schooling. The perinata 
features of the study and control groups are showr 
in table 2. Recordings of fetal distress or low Apgai 
scores were less than half as common in the contro 
as in the study group. No child in the contro 
group had recorded neonatal twitching o) 
cyanosis. Overall, the incidence of adverse perinata 
factors was significantly less in the control group 


(p<0-0C1). 


Postnatal features 

Two children had had meningitis, aged 6 and € 
weeks, respectively, and one girl had had encephali. 
tis when she was 3 years old. One boy found cok 
and limp in his cot when 3 weeks old, and anothei 
found apparently lifeless in his pram at 6 months 
were regarded as ‘rescued cot deaths’. Both these 
children had behaviour problems One boy, wher 
aged 18 months developed status epilepticus whict 
took three to four days to come under control; he 
also had: a behaviour disorder. One child developec 
bilateral subdural haematomas after a non 
accidental injury, and she had a residual hemi 
paresis. The last child in this group was developin; 
normally until he had prolonged pertussis at the agı 
of 2 years. He has since been physically as well a: 
mentally delayed, with small stature and retardec 
bone age. 


POSSIBLE RISK FACTORS 

One hundred and six study children had in thei 
history or examination medical features of possible 
relevance but with no established link with retarda- 
tion. Forty three of these children also had recog. 


nised risk factors. Of 63 children with risk factors of 
only possible relevance, 37 had just one feature, and 
26 more than one (table 3). 

Three children had been born to mothers with 
type I diabetes and in all three this was the only 
medical factor noted. Insulin control was 
reasonable—none of the mothers had ‘brittle’ di- 
abetes. One of the children weighed 4770 g (97th 
centile) at birth but there were no problems at 
delivery; the other two children had birth weights 
within normal limits. Four children—all boys—had 
major malformations not affecting the central ner- 
vous system; three had cleft lip and palate, one of 
whom also had Poland's anomaly. The fourth child 
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had a ventricular septal defect that was successfully 
repaired when he was 2 years old. 

Twenty one survey children were born at or 
before 36 weeks' gestation, but in none was this the 
sole feature. Thirty survey children (18%) had 
heights on or below the third centile. Ten of these 
children had no other medical feature. Four of 55 
control children (7%) had this degree of short 
stature. Ten children (6%) had cranial circumfer- 
ences on or above the 97th centile. This was the sole 
medical finding in four. Two control children (4%) 
had this degree of macrocephaly. Twenty one 
children (12%) had severe behaviour problems, all 
but two of whom had other medical features. Of the 


Table3 Medical features with no well established link with mental retardation in 106 mildly mentally 





retarded children 
Feature No of tunes each No of children No of tunes No of times 
feature present in whom this this feature this feature 
(n= 106) was sole medical was accompanied was accompanied 
feature (n—37) by a known by one or more 
nsk factor other feature 
(n=43) (n=26) 

One More 
than 
one 

Prenatal: 
Twinning 9 0 2 2 5 
Chromosome translocation 1 0 0 0 l 
Maternal diabetes 3 3 0 0 0 
Maternal drug taking 6 0 2 2 2 
Maternal operation 1 0 0 0 1 
Maternal injury 2 1 0 i 0 
Threatened aborhon 8 1 4 - 2 1 
Hyperemesis 14 2 7 3 2 
Maternal toxaemuia 14 4 9 0 I 
Maternal anaemia 5 0 ] 0 4 
Small for gestational age 11 1 5 2 3 
Major malformation 4 1 2 0 1 
Perinatal 
Gestation <37 weeks 21 0 11 2 8 
Antepartum bleeding 4 1 0 1 2 
Rapid delivery 3 I 1 0 1 
Neonatal jaundice 10 0 7 0 3 
Excessive weight loss I 0 0 0 1 
Postnatal 
Severe malnutrition 2 0 1 0 1 
Immunisation reaction 1 0 0 0 1 
Head injury 2 0 0 0 2 
Other (timing uncertain) 
Height on or below 3rd centile 30 10 8 3 9 
Head circumference on or above 
97th centile 10 4 3 2 1 
Epilepsy 9 0 5 2 2 
Behaviour problems 21 2 13 2 4 
Three or more minor malformations 10 2 3 2 3 
Incoordination 42 4 27 á 7 x 
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children with IQs of mo-e than 70, eigat (11%) had 
bekaviocr problems, compared with 11 (12%) of 
these wi-i IQs of less than 70 ‘two children were 
not tested). 

Ten survey childrer (6%) had th-ee or more 
dysmorphic features unreiated to chromosome 
abrormacties or recognised syndromes. In the 
cortrol group the corresponding frequency was two 
of 55 (4*5. 

Forty two children (257€ had incoordination, 
four of vc1om had no o:her risk factozs identified. 
Twenty seven had knova risk factors: :hromosome 
ebrormahty (n=5), a recognised syndzome (n=2), 
microcep-taly (n=3), coagen-tal adrena. hyperplasia 
(n=1), perinatal stress (n=13), menirgitis (n=1), 
head injury (n=1), and status epilep icus (n=1). 
Incoordinetion was not a featur2 in tae two boys 
with XXY, the girl witk the X-autosorre transloca- 
tiom, anc -wo of the three childrea who had 
infections 5f the central nervous system Four of the 
contol children (7%) iad mcoordina aon. 


Parental education 
Parental ecucational problems were defined as 
attendance by the parert at a sckool fcr the mildly 
mertally -starded, or an. admussion of illiteracy or 
sem literazv For a child -o b» designated as having 
parents with educationzl prctlems, such a history 
‘was required from both parents. There was a history 
of educational problems in the parents of 86 
children. Table 4 show: the incidence of parental 
education problems in chilcren with known risk 
factors, thcs2 with a singe pessible risk factor, those 
with two o- more possible ris« factors, and those in 
whom no medical featires were tdertified. The 
. percentage: of parents ith educational problems 
was lowest in the first cf these groups 139%), and 
highest ir -he last (77%). Eight chldren with 


Table4 Medical features aad parental educa£on of 
169 raildly reatally retarded Childzen 


No of No %) of 
cn aen chicen of whom 
both parents had 
educational 
vrobems 
Featu es of Eacwn astiologica 
importance: [with cr without 
Other possitle nsk factors) L 25 (29) 
Two or more possible nsk 
factors 2 11 (42) 
Onc possible -k factor 3? 20 (54) 
No medical searures 33 27 (77) 
Total 163 85 (51) 


parznts of average or superior education had no 
medical features identified in their history or ex- 
amñation, and a further 17 had just one possible 
risk: factor. 


Discussion 


The attribution of mild mental retardation to 
mecical factors is fraught with difficulties. There is 
no good working definition of the phenotype, many 
of tze relevant medical factors are open to subjec- 
tiveinterpretation, and control data are inadequate, 
especially in the rapidly changing specialty of 
perraa:al care. Despite these difficulties it is an area 
requiring medical study. Parents generally appreci- 
ate = medical ‘label’, and genetic counselling may 
be important. Recent study of the fragile X 
sync-ome? ? has shown that medical factors are not 
confmed to severely retarded children. It has often 
beer assumed that most mild retardation is multifac- 
toril. If the distribution of IQs was normal, 396 of 
the population could be expected to have IQs of less 
than. 70. We found that 2?6 of the Southampton 
schoolchildren aged 7-11 were attending schools for 
the mildly mentally retarded at the time of our 
survey, but only half of these were in the IQ range 
50-73. The factors apart from IQ that influence 
referral for this type of special education are not 
clear. Parental approval is required, and referral 
must be to some extent dependent on facilities for 
remedial education available in normal schools. We 
expected (but did not find) that children with IQs of 
over ;(! would be more likely to have behaviour 
probems. Selection could bias the study sample 
eithe- towards or away from identifiable medical 
Causes. 

Over a quarter of the children in tbe schools for 
the mildly mentally retarded were not included in 
the sarvey. Parents of 31 children actively declined 
to taEe part and although no reason for refusal was 
sougkt two explained that this was because their 
children had already been thoroughly investigated, 
and z further nine stated that they did not wish to 
subm t their children or themselves to venepunc- 
ture. Nineteen families did not respond and were 
not zvailable for two home visits at prearranged 
times Sociocultural problems may be important in 
these families, and their exclusion could have biased 
the population sample. 

The risk factors shown in table 1 are plausible 
explaaations of mental retardation, although some 
doubt must remain about the individual importance 
of the perinatal features. Comparison with paired 
sibling controls showed a significant excess of 
perine-al problems in the index patients. Some ot 
these are, however, subjective or poorly standar- 


$^ 


dised, and there is always the possibility that 


~ perinatal difficulties are secondary. Other factors, 


including the child's original potential, may reduce 
or enhance the consequences of early brain damage. 
Bearing in mind these caveats, perinatal events of 
the type we have reported must be considered as 
having potential aetiological significance.” 

Medical factors having a probable association 
with mild mental retardation were identified in 71 of 
these children (42%). Hagberg! in a study of 91 
Swedish children with IQs of 50-70, found similar 
factors in 43%. From the results of our survey we 
believe that reduction of the genetic contribution to 
mild mental retardation by appropriate genetic 
counselling would not be feasible. The eight chro- 
mosomal abnormalities had all arisen de novo, 
though four of the mothers were over 35 years when 
the children were born. All children in the survey 
were born before August 1976. More recently their 
mothers might have been offered amniocentesis. 
Three other children had prenatal genetic defects 
(Sotos’ syndrome, Aarskog’s syndrome, and con- 
genital adrenal hypoplasia), but in all three the 
genetic defects became apparent only after the birth 
of the children. Alcohol fetopathy was found in only 
one child in contrast with the Swedish study! in 
which 8% of mildly retarded children had the fetal 
alcohol syndrome. 

We have not so far been able to account for the 
lack of fragile (X) chromosome cases in our sample. 
Extrapolating from the data of Webb et al! we 
should have expected five affected boys in our age 
group in Southampton, two or three of whom might 
have been at schools for the mildly mentally 
retarded, plus perhaps four or five affected girls. 
The relevant cytogenetic techniques leave scope for 
variability, but the laboratory did make this diag- 
nosis on samples from other sources during the 
period of the survey. 

Though no firm conclusions could be drawn from 
the group of 63 children who had possible risk 
factors alone, certam points emerged. Maternal 
diabetes was the sole medical feature in three 
children. Children born to diabetic mothers are at 
increased risk of physical abnormalities!! but we are 
not aware of any previous association with mental 
retardation. One of these children, who had parents 
of normal intelligence, had a brother who was also 
retarded. Thirty children (18%) were of small 
stature. In two, this could be related to medical 
conditions (fetal alcohol syndrome and severe per- 
tussis), but in 28 children there was no obvious 
cause. In 10 children small stature was the only 
medical feature noted. The association beween 
small stature and mild mental retardation is not 
clear, but there may be an interaction between the 
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behavioural attributes of the parents and the child.’ 
Incoordination, which featured in 42 children (25%) 
was associated with known nsk factors in 27 (13 with 
perinatal stress). In contrast, Hagberg’ found that 
43% of mildly retarded children had a neurological 
abnormality, but does not give details of the method 
of assessment used. 

Children tn all the aetiological groups had parents 
who had had educational problems, but the propor- 
tion was highest (77%) im 27 children with no 
recognised medical risk factors; in 37 children with 
just one possible risk factor, parents of 20 had had 
educational problems. Polygenic factors may 
contribute appreciably to the mental retardation in 
these two groups of children, but similar findings 
could be produced by as yet undetected major 
familial factors such as single gene defects. 

We found no previously unrecognised errors of 
metabolism ın the mothers or children in the survey, 
hence routine biochemical testing would not seem 
appropriate in the aetiological investigation of chil- 
dren at these special schools. We recommend 
careful physical examination of the children by 
school medical officers, looking especially for minor 
dysmorphic features. Referral to a paediatrician or 
geneticist should be considered if three or more 
dysmorphic features are found, or if a genetic 
syndrome is suspected. We recommend chromo- 
some analysis for all mildly mentally retarded 
children irrespective. of whether there are any 
dysmorphic features. Finally, in assessing the chil- 
dren account should be taken of the level of parental 
intelligence and of any possible contributory fea- 
tures in their history, but in some children no cause 
for the retardation will be found. There were eight 
children in this survey who had parents of normal 
intelligence and no medical features identified, and 
a further 17 (again with normal parents) who had 
just one feature of uncertain relevance to account 
for their retardation. It was beyond the scope of this 
study to investigate these children further, but 
identification of children with idiopathic mild men- 
tal retardation and their further neurological inves- 
tigation might be of value. 
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Hyperventilation in the awake state: potentially 
treatable component of Rett syndrome 
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SUMMARY Hyperventilation, which occurs in some patients with severe mental handicap, is a 
prominent feature in the histories of most girls with Rett syndrome but its mechanism and effects 
have not been established. Respiratory function was therefore studied in 18 patients with Rett 
syndrome and 23 healthy controls. Ten of the patients (5696), but none of the controls, 
hyperventilated only when awake, and began doing so after a period of normal breathing without 
hypoxaemia. After hyperventilation was established it was interspersed with prolonged periods 
of apnoea (over 19 seconds) accompanied by Valsalva manoeuvres. Hypoxaemia (<90%) 
occurred in 47% of these periods of apnoea and five (50%) of the patients had oxygen saturation 
values of under 50%. During hyperventilation severe hypocapnia developed in every patient, and 
recorded arterial pH measurements ranged from 7-47 to 7-60. A further four patients (22%) did 
not hyperventilate, but had clear histories of hyperventilation when younger. All had frequent 
apnoeic pauses accompanied by Valsalva manoeuvres. The remaining four girls (2276) neither 
hyperventilated nor gave a clear history of doing so. Three had occasional apnoeic pauses 
associated with the Valsalva manoeuvres. All but one of the 18 patients had increased quantities 
of periodic apnoea compared with the control subjects. 

The hypocapnic alkalaemia and hypoxaemia resulting from hyperventilation may contribute to 
the cerebral impairment in Rett syndrome. Since the hyperventilation is ‘primary’, and not 
secondary to preceding apnoea, it is potentially treatable. Further studies will determine if 
treatment is practical and of benefit. 


Rett syndrome 1s a comparatively common cause of 
severe mental and physical handicap. The syndrome 
was first described in 1966,! and only affects girls, 
the estimated prevalence is 0-8/10 000 girls up to the 
age of 14 years.?? 

Hyperventilation is a well known clinical charac- 
teristic of some patients with Rett syndrome, and 
there has been research into the causes of the 
prolonged apnoeic episodes and hypoxaemia that 
are also seen in these patients. A study by Glaze 
et al has suggested that hyperventilation is a com- 
pensatory response to periods of disorganised 
breathing and hypoxaemia.? Our findings do not 
confirm these results, but show that hyperventilation 
is the primary respiratory problem and that the 
prolonged apnoea and hypoxaemia are secondary 
components. In this paper we present data on the 
prevalence of hyperventilation and its effects on 


respiratory function, heart rate, and plasma bio- 
chemistry. 


Patients and methods 


The control group comprised eight girls and 10 boys 
aged between 4 and 6 years who had been originally 
and randomly recruited at birth as part of a large 
prospective study of respiratory function, and four 
girls and one boy aged between 6 and 15 years who 
were recruited from schools in the Doncaster area. 
All were healthy and were studied at home. 
Eighteen girls between 6 and 17 years with Rett 
syndrome were studied. The clinical characteristics 
of 14 of them have previously been reported by Kerr 
and Stephenson? ?; four were new cases. Because no 
organic marker has yet been described for Rett 
syndrome, it has to be distinguished on clinical 
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grcunds alone. To allow va id compamisons among 
cas2s from different certres we have defined pre- 
cisely what we mean by dass:c Rett syadrome’ and 
have indicated any cases; in the series who do not 
have all the classic feztures.? 

In this study a classic ezse of Rett syndrome met 
all the following criter.z- 


(1) There were no sercus complica 10ns during 
preznancy, birth, or the 1eonatal perzod, and the 
girl conformed to accepted standards for psycho- 
motor development du-i the first 4 months, (2) 
the dccipitozrontal head cixumference was within or 
close to the normal range et birth and ircreased at a 
normal rete for at least ‘le frst four months, but 
suboptimal zrowth occur-ed later in ch-Idhood; (3) 
there was subtle evidence cf slowing in psychomotor 
development in the first yeaz, failure to use the 
hands properly after the first 12 months and failure 
to cevelop speech beyond single utterances; (4) 
ther2 was otherwise unero ained loss of skills in the 
use Df hands and speech Eetween the eges of nine 
and 30 months associated witk socal withdrawal and 
detexiorat on in non-verbal communicat on; and (5) 
characteristic repetitive hand movements de- 
velooed, consisting of ample hand wringing or 
squeezing. clapping or tepping, and washing or 
rubting. Following this -egressior, lack of postural 
contol developed, often with involuntary move- 
mens, the use of hands cetenorated end became 
unccordinated, and the 211d had no useful speech 
althcugh non-verbal comrur:cation improved. 

In addition the child lad a profound and essen- 
tially static mental handica» w-th no otLer obvious 
cause, and was prone tc sadden spells of agitated 
tehaviour including panic, laughter, or altered 
respi-ation. "here were no dysmorphic atures. 


Other features of Rett s;ndrome are cold, small, 
and dim hands and feet, 221e2-ic seizures and non- 
epile»tic absences often srececed by hyperventila- 
tion, gasecus abdominal istensicn, wasting, pro- 
gress vely ncreasing ton? ‘especially in the lower 
limbs), progressive scoliosi:, and deformity of the 
feet end arkles. 

Only four of our 18 pat erts nad atypical features; 
case 9, aged 6 years, Lec £ greater han usual 
(although still poor) abiiy to speak ard use her 
hand:. For the last three vears she had umdergone a 
programme cf stimulation teaching, and exercises 
for fire hors a day, six dars a weex. The mother of 
case 10 had a history of infertility, and had had 
hormone treatment for a tacectened aboction at 11 
week: gestation. Polyhyd-amnios was present in the 
third -rimester. In cases 15 end 18, stereatypic hand 
move-nents had virtually d&appeared by the time of 
this srudy. : 


The control subjects underwent single long term 
tape recordings (awake and asleep) of oxygen 
satt—a-ion, arterial pulse waveforms, expired carbon 
diozide, and abdominal breathing movements using 
the equipment described below (mean duration 
9-7 12urs, range 6-12-5). 

T5 evaluate respiratory function in the 18 patients 
witE Rett syndrome, recordings were made of 
various signals in different combinations with an FM 
tape recorder (Racal Store 4); these were made 
whiE subjects were awake in all cases, and over- 
night in 11. When more than four signals were 
required a single channel multiplexer (Medical 
Phy:ics, Sheffield University) was used (frequency 
response DC to 30Hz/channel). 

E-pired carbon dioxide concentrations were 
recoc-ded from a constantly sampling infrared 
anal.ser (Engstrom Eliza) either from a face mask 
or from a mouth probe held by an observer (median 
total response time 2:5 seconds, sampling rate 100 ml/ 
mint te). During sleep, expired carbon dioxide was 
meat ured from just inside one of the external nares 
using a fine cannula taped on to the upper lip. Only 
expired carbon dioxide signals showing adequate 
plateau formation were analysed Transcutaneous 
carben dioxide measurements were recorded by an 
elect-ochemical sensor (Hewlett Packard 78834A), 
whic was heated to 42°C. Constants (according to 
the riechod of Hazinski and Severinghaus®) were 
applizd to compensate for increased skin tempera- 
ture =nd for skin carbon dioxide production (gain 
0-79, offset -3 mm Hg). The sensor was taped on to 
the szin of the upper chest wall. 

Beit to beat arterial oxygen saturation, the arterial 
pulse waveforms from which this was calculated, 
and an electrocardiogram were obtained from a 
modi3ed pulse oximeter (Nellcor Respox 2). The 
oxyge- sensor was placed on the toe and electro- 
cardiegraphic electrodes in the lead II position. 
Breathing movements were detected in all patients - 
with Rett syndrome using respiratory inductance 
plethysmography (Respitrace, Studley Data Systems), 
either from a vest (P K Morgan) encompassing the 
whole ot the chest wall or from two separate bands 
placed at tbe levels of the nipples and umbilicus. In 
two cases abdominal breathing movements were 
also cetected from a pressure capsule transducer 
(Graszby, MR10). In 10 of the 23 controls, breath- 
ing movements were recorded from a pressure 
capsu-e alone and in 13 from both pressure capsule 
and irctuctance plethysmography. Recordings of air- 
flow mtegrated to volume change were obtained 
from a close fitting face mask and a Fleisch size 2 
pneumotachograph (Spectramed). Calibration 
signals oz 60 ml were obtained using a purpose built 
Syring?. 
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Six channels of electroencephalography, one 
channel of electro-oculography, and one channel of 
electrocardiography were recorded onto a battery 
operated cassette tape recorder (Medilog 9000, 
Oxford Medical Systems) with pre-amplifiers on a 
collar placed around the neck. During daytime 
recordings these signals were incorporated onto a 
video tape and video monitor (the Quarrier's 
system), and time linkages were synchronised 
between the video recordings and the respiratory 
physiology data on the FM tape recorder. Numerical 
and oscilloscopic representations of the respiratory 
data were also recorded on video film. Tape record- 
ings of the respiratory physiological parameters 
were printed out using an eight channel ink jet chart 
recorder (Siemens EEG 8). Standard recordings 
of the electrocardiogram were made on eight patients 
using a Cambridge VS-550 ECG recorder. 

Single radial arterial ‘stab’ samples for blood gas 
analysis were taken and analysed during periods of 
hyperventilation in children showing abnormally 
reduced concentrations of transcutaneous or end 
tidal carbon dioxide, or both. In three such patients 
samples were not obtained. In one (case 8) the 
parents refused consent. In the second (case 3) 
bronchospasm was present as well as large amplitude 
and rapid breathing, but end tidal and transcutaneous 
carbon dioxide were not reduced. In the third 
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(case 10) a sample could not be obtained during the 
hyperventilation. Plasma concentrations of sodium, 
potassium, chloride, magnesium, phosphate, ionised 
calcium, and lactate were also measured. 

Periods of hyperventilation were diagnosed when 
plateau values of end tidal carbon dioxide fell below 
3-0 volume %, amplitude of breathing movements 
increased, and trancutaneous carbon dioxide fell 
below 30 mm Hg. The durations of all apnoeic 
pauses were measured in the controls the longest 
of which was 19 seconds. All pauses over 19 seconds 
occurring in the 18 patients with Rett syndrome 
were measured together with their effects on oxygen 
saturation. 

Penodic apnoea was defined according to 
Richards et al! and measured in cases and controls. 
Thus a cycle of periodic apnoea consisted of a group 
of 1-19 breaths followed by an apnoeic pause of 
= 4-0 seconds. Each cycle was preceded by a similar 
pause or by a cycle of periodic apnoea. À minimum 
of two cycles of periodic apnoea was required to 
complete an episode of periodic apnoea. 


Results 
Analysis of the tape recordings from the 23 controls 


showed no evidence of hyperventilation. Apnoeic 
pauses up to 19 seconds in duration were identified 


Case No Age — Ocapitofrontal Motor | Scohosis Foot Gaseous Past Current 
(years) head seizures deformity abdominal history treatment 
circumference distension of 
(%) hyperverntilanon 

Group 1: 

1 6 3-10 Yes Yes Yes No Yes Carbemazepine 

2 12 3-10 Yes Yes Yes Yes Yes Carbemazepine 

3 11 <3 No Yes Yes Yes Yes Salbutamol 

4 10 <<3 Yes Yes Yes Yes Yes Sodium valproate 

5 7 10 No No No Yes Yes None 

6 16 <<< No Yes Yes Yes Yes None 

7 7 <3 Yes Yes No Yes Yes Clonazepam, carbemazepine 

8 12 <3 Yes Yes Yes Yes Yes Carbemazepine 

9* 6 10-25 Yes No No No Yes Predmsolone 

10* 6 3 Yes Yes Yes Yes Yes Carbemazepine 
Group 2 

11 17 25 Yes No Yes Yes Yes Carbemazepine 

12 14 «3 No Yes Yes Yes Yes None 

13 16 3 Yes No Yes Yes Yes Sodium valproate 

14 13 ««3 Yes Yes Yes Yes Yes Sodium valproate 
Group 3: 

15* 6 25-50 Yes Yes Yes No No Carbemazepine 

16 7 <3 Yes Yes Yes Yes No Sodium valproate 

trim ine tartrate 
17 14 <<3 No Yes No Yes No None pants 
18* 6 <3 Yes Yes Yes No No Clonazepam 





*Atypical features present 
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Table 2 Selected phys.olcgical aata on 18 patients with Rett s23drome 
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Meas iremen Case Nc 
I z 3 4 5 6 7 8 9 
Duration cf cording (hours) 14-3* 132^  12.0* 13-2* 13-8" 115" 14-7* 09 16-9* 
Lowe.t valacs when awake: 
Traascutz peons carbon 
doxide imm Hg) 24 26 32 18 13 20 8 21 18 

Enc tida con dioxide (voumr %) 22 22 42 21 1-4 2-0 16 2-4 1-8 
Averege values when asleep 

Traascutensous carbon 

corde (om Hg) 52 59 53 NR 37 32 38 NR 51 

Znc tidal cerbon dioxide (volume %) 5-4 72 4-6 58 42 4-0 48 NR 4-8 
Longest apacex pause when evake 49 98 27 125 74 43 34 24 60 
Lowest oxyzer saturation whea awake (9) 

(below 5C% cximeter meccurete) 60 «50 92 x50 <50 66 70 92 <50 
Valsalva menceuvres Yes Yes Yes ies Yes Yes Yes Yes Yes 
Periodic apacca* (asleep) 

(mirutes/kccr? 13-5 178 113 5.6 1-7 138 17.0 56-1 17 
QTc (second) 0-44 0-40 NR ( 45 0.41 0-42 0-45 NR 0-43 
*Both day anc overmght record-ngs; NR=not recorded 
Table 3 Se'ected biochem cal dua cn eig: of 18 patients with Rett syndrome 
Measurement Case No Normal range 

i 2 4 5 t 7 9 10 
Plasma con-ertrations (mmol/l 

Chlende m 110 NS 110 -09 110 105 NS 92-109 

Toned calccum 1-13 155 0-67 NM 1-24 1 26 1-24 119 1:19-1.31 

Pho phate 1-6 1+ 17 1-4 15 1-6 1-9 18 0-7-1 4 

Lactate 241 1: 25 344 1-1 2:0 22 1-8 0-7-1-8 
* Arterial 

pH TAB 771 760 7 59 7-47 7-49 755 NS 7 35-71-45 

Bicarbonate (mmol/l) 17 22 15 13 18 20 21 NS 22-26 

Carton d oxde (mm Hg) 30 24 16 13 25 23 22 NS 35-45 mm Hg 

Base excess —~1-0 —03 -1.5 ~41  —28 —2 4 0-5 NS —2-0----2:0 mmol/l 


*Semgxes taker during hypervenukatior, NS=not sarapled; plasma concentraf&ons of potassium, sodrum, and magnesium were all normal 


(range of longest pause'reco-ding 8-1£ seconds, 
medizn 14) »ut these pauses were not accompanied 
by V&lsalva manoeuvres. 

The patients were dizded into three groups 
according to the results of their recordinzs and the 
cliniczl histories (table 1). 


GROUE 1 (cases 1-10) 

There were 10 patients in group 1, with zn average 
age o7 9-- vears. When awake they all had long 
periocs 0o? ayperventiaticn. Table 2 shows the 
severity 07 -eir hypocapmia with transcutaneous 
carbom dicxiie values reduced zo 8 mm Hie and end 
tidal carbon dioxide values reduced to 1-4 volume % 
(control vzlues 4-6 to 5-3 volume 9»). AL seven of 
those rom whom arterial b_ood samples vere taken 
had respiratory alkalaemia ( ugbest pH 7-60, table 3). 
When asleep none of the 10 patients had hyper- 


ventiEtion (end tidal carbon dioxide values were 4-0 
to 7-2 zolume 96, control values 5-2 to 6-4 volume 96) 
(table 2, fig 1). 

Du-ng periods of hyperventilation the children 
seemed agitated with increased hand movements, 
dilatez pupils, increased heart rates, rocking body 
movements, and increased muscle tone. They 
breati2d through wide open mouths, ribcage excur- 
sions were greater than abdominal excursions, and 
accessary muscles of respiration were used. In some 
hyperventilation occurred almost continuously while 
they w=re awake, and in others it was interrupted by 
period: of normal breathing. During these latter 
period: the children remained awake but slightly 
drows,. In some cases hyperventilation was clini- 
cally obvious. In others (for example case 4) it was 
only dicated by end tidal and transcutaneous 
carbon dioxide measurements. Though case 3 had 
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Table 2 Continued 





Range in 18 controls 
10 H 2 B 14 5E 6 17 18 
17 1* 10-4* 06 05 04 14-7* 1-5 0-4 05 6-0 to 12 5 
13 NR 42 36 5i 44 46 38 37 NR 
2-0 3-8 38 42 44 45 44 4g 40 4-6 to 53 
42 NR NR NR NR 51 NR NR NR NR 
5.3 6-4 NR NR NR 6:2 NR NR NR 5-2 to 64 
27 84 24 21 9 11 il li 16 19* 
<50 80 98 95 98 94 97 98 98 96 
Yes Yes Yes Yes Yes Yes Yes No Yes None 
91 113 178 0 352 45 20 25 4 4 0 to 075 
0 43 NR NR NR NR NR NR NR NR NR 





increased ventilatory excursions, she did not achieve — fig 3). These prolonged pauses were not induced 
the same degree of hypocapnia as the other patients. by seizure activity as shown by surface electro- 
She had bronchospasm during the recording, having ^ encephalography recordings (fig 3) except on one 
suffered bronchial asthma for the previous two occasion (case 9). Most of these pauses contained 
years. a Valsalva manoeuvre" during which the large 

Periods of hyperventilation were often inter- inspiratory airflow associated with hyperventilation 
rupted by pauses in inspiratory efforts, some of was followed at the end of inspiration by active 
them prolonged (220 seconds) (table 2, fig 2, and expiratory muscle activity but no expiratory flow. 
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Fig1 Interrupted printout of an overnight tape recording (case 5) showing transition from awake to asleep and back 
again. During the awake periods before and after sleep there is hyperventilation with a transcutaneous carbon dioxide down 
to 8 mm Hg. During sleep the transcutaneous carbon dioxide and end tidal carbon dioxide are normal. 
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Fig2 Sectio of recording when awake (case z). Four episodes of apnoea each associated with Valsalva manoeuvre 

(Vi aze shc wa, the longest reading 77 seconds (rom A to B) during which there is a small fall in oxygen saturation (to 

90"6) Prececing each pause “Fe end tidel carbon dioxide is reduced by a period of hyperventilation to about 2-4 volume %. 
Afer the p~ceoaged pause (AE) the end tidal carbon dioxide reaches 5-0 volume %. Throughout recording the 
Irciscutanecus carbon dioxice is aout 32 mm Fg. Each apnoeic episode begins at end of inspiration. Lung volume is 
mainrunec (by Valsalva manoeuvre:) uatil pos tions E where there is sudden expiration of gas and the immediate onset of 
hyperventiat.on During per.cds o? aypzrventiiation and the early part of the apnoeic pause (Valsalva manoeuvre) there is a 
comprame orudycardia. Increase in heart rate begins within six seconds of onset of the pause About 26 seconds 

(pcsi£on. S into the prolonged apn»eic episode (AB) the heart rate slows again. 


After a variable period cf timz, during which por- 
tioms Df tke zas within the .ungs were often expired 
wita a ‘cry like’ sound through a partizlly closed 
gla:tit, there was sudden expi-atory release of the 
remaining gas (fig 2) This was followed by another 
inspiratcr7 effort with insoira-ory airflow and the 
beginaing of a new bout o? ayperventilaticn. During 
periods o7 aormal venti ztior, particularly when 
asleep, suck *apnoea/Valsalva' manouevres were not 
seen. 

Duzing prolonged apmoeis periods, oxygen 
saturetion o-ten dropped (zabl2 2, fig 2, and fig 3) 
thcagi tbere was usually a considerable delay 
before the level fell below 50%. Someames this 
hypoxaemie was associated wich zentra cyanosis 
and e traasent lack of awareness. None of the 
children were hypoxaemic at the onset ot a change 
from iorme. breathing tc hyperventilation (fig 4). 
The prolonged apnoeic perses were a comsequence 
of the hype-ventilation nct the reverse. 

A]1 10 pacents with hyperventilation hed apnoeic 
pause of 220 seconds (table 2). Their median dura- 
tior. was 35 seconds and the longest was 125 seconds. 
The number of these proloaged pauses veried from 
0-1z to 11:54 p/hour of reco-din2, median _-96/hour. 


The time between the onset of the apnoeic pause 
and the dip in oxygen saturation to « 90% varied 
from 8 to 124 seconds (median 33). Of prolonged 
pauses, 47% were accompanied by dips in oxygen 
saturation below 90%. In five patients oxygen 
saturation fell below 50% during some of the pro- 
longed apnoeic pauses. 

During sleep case 2 had raised transcutaneous end 
tidal carbon dioxide, abnormal episodes of arterial 
hypoxaemia (to «8096) accompanied by partial or 
complete absences of airflow, and an abnormal 
inspiratory waveform pattern typical of upper air- 
way obstruction,’ that is an initially rapid inspira- 
tory movement followed by a slower movement 
reflecting the increased inspiratory resistance. Case 
9 had a recent history of seizures associated with 
central cyanosis and loss of consciousness. One of 
these seizures was recorded. The sequence identi- 
fied was as follows: after waking from sleep the 
transcutaneous carbon dioxide fell progressively 
with hyperventilation from 50 mm Hg to about 
26 mm Hg. One particular episode of hyperventila- 
tion was associated with the development of seizure 
discharge on the electroencephalogram. The onset 
of this seizure coincided with pallor, dilation of 
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Fig3 Prolonged apnoeic pause (A-B) of 125 seconds (case 4). The electro-oculogram and electroencephalogram recordings 
show that the child was awake and there was no evidence of an associated seizure. 
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Fig4 Section of daytime recording (case 5). An episode of breathing without hyperventilation (A to B) ts followed by 
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periods of hyperventilation (as shown by end tidal carbon dioxide and the increased amplitude and frequency of the 
breathing movements) and apnoeic pauses. Hyperventilation episodes are accompanied by a progressive fall in 
trancutaneous carbon dioxide. There is no evidence of hypoxaemia preceding the onset of hyperventilation (oxygen 


saturation 98—100% ) 


pupils, and a blank facial expression. The child sat 
erect, then fell back with grey twitching lips and 
appeared to lose consciousness. Clutching move- 
ments of the hands and jerking of the trunk 
preceded recovery. At the time of onset of the 
seizure there was prolonged inhibition of inspiratory 
efforts (without a Valsalva manoeuvre) for the dura- 


, tion of the seizure (about 59 seconds). Hypoxaemia 
developed during this prolonged apnoea and 


became severe (oxygen saturation <50%). As the 
seizure discharge on the electroencephalogram 
became less intense, a large inspiratory effort oc- 
curred producing gradual recovery from the 
hypoxaemia.!^ 
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In cases L, 4, end 7, QT intervals (ccrrected for 
heart rate using Bazett’s “crmula) were æ the upper 
limit of rormal during periods of hyperventilation 
(tzble 2). (rormal range mean (SD) 0-<04 (0-026) 
secords™ |. 

All seven patients whe aad blood samples taken 
dunnz hy»e-ventilation (table 3) showed -espiratory 
alkaleemia, plasma chloride concentrations at the 
upper limi: of normal, end reduced plasma bi- 
carbonate concentrations Ion:sed calcium concen- 
tratioas war? in the lower normal range end plasma 
lactate ccntentrations were in the upper normal 
range: 


GROUI 2 (c4ses 11-14) 

There were cur patients mm grcup 2 with an average 
age of 15C years; they were older than those in 
grcup 1 (table 1). All fou- gave histories suggestive 
of aypervertilation in earlier childhood, end in case 
11 respira:cry alkalaemia had been documented at 
the aze cf 5. Though there «as no evidence of 
hyperzentlazon during -eccrdings when awake, 
each patien- had frequert apnoeic pauses with 
Valsa:va manoeuvres. In <hree, the aznozic pauses 
exceeded .J seconds. Thess pauses occurred 
particalarly when the cald tecame excited or 
frightened and were sometimes accompanied by 
prono.inced. changes in Feart rate. Durng sleep, 
apnoea/Vealsalva events w2-e nct detected and the 
breathing patterns seemed nccmal. 


GROUP 3 (cases 15-18) 

There werz Dur patients in group 3 with zn average 
age 0: 8-2 years. Three ot these patien s had no 
previcus h.sto-y of hyperveatiletion, and n one the 
descriptior wes unconvincing. All »ut case 17 had 
apnoea/Valselva events ahen awake hut these 
episodes w27= much less frequemt than those present 
in patterns in group 2. Ncne had apnoeic pauses 
exceecing 1£ seconds. 


Twc further breathing patterns were -xdentified: 
firstly. epizcdes of periodic aprcea were .een in 15 
of the 23 (45%) controls (durztions 0-6 to 0-75 
minutes/hcur of recording: meden curaticn of those 
with periodic apnoea 0-13 ruinctes/hour). Only one 
of the 18 pazents with Rett syndrome (care 13) had 
no penmodic zpnoea. All tre renaming pacients had 
larger quentities zhan the coatros (1^ to 56-1 
minutes/hcur: median 11-3 manutes/hour). Cases 
1-1) with ayperventilation had values fo~ periodic 
apnoea varvrg from 1-7 to 35-1 (mecian 12-4) 
minutes/hcur. Cases 11-14 who kad past h: stories of 
hyperventiation, had valises for periode apnoea 
varvinz frem C to 35-2 (mediar 14-5) minwtes/bour. 
The velues c£ periodic apn>2a for cases 15-18 varied 
from 2-0 to 2-5 (median 3 © miautes/hour). 


The second pattern was exemplified by case 10 
who zad brief episodes of hypoxaemia during which 
breathing movements and airflow continued. None 
of thee episodes included the abnormal inspiratory 
waveiorms typical of upper airway obstruction 
documented in case 2; this pattern of breathing and 
hypo@emia was not found in the controls. 


Discussion 


Abncrmal hyperventülation, with consequent hy- 
pocapaeic alkalaemia present only dumng active 
wake--iness, was the major respiratory abnormality 
that Xe found in this group of children with Rett 
syndr-me. We found hyperventilation in 56% of 
patiem-s, and in an additional 22% (generally older 
children) there was a history suggesting it. We do 
not eve an adequate explanation for the hyper- 
ventiEtion of Rett syndrome. Because it does not 
occur during sleep we speculate that it is likely to 
result “rom excessive stimulation of the respiratory 
contro. zentres in the brain stem or from abnormally 
reduced higher centre inhibition.!675 Hypoxaemia 
did noz precede the change from normal breathing 
to hyperventilation and therefore cannot be the 
primary cause of the hyperventilation. 

Three other patterns of breathing were identified 
in our 2atients. The first and most common was a 
orolomzed absence of inspiratory efforts (220 
secon), and was first described by Lugares et al.* 
In our patients prolonged apnoeic pauses invariably 
occurred immediately after an episode of hyper- 
ventilation and therefore only when they were 
awake. In the four patients who did not have 
hyper7sntilation but did have history of it (group 2), 
prolor zed pauses also occurred only when they were 
awake. The onset of hypoxaemia occurring during 
prolorg=d apnoeic pauses was comparatively delayed, 
possibi , because large stores of oxygen were present 
in the Lings as a result of the hyperventilation. Most 
of the prolonged apnoeic pauses included a Valsalva 
manoeuvre.” The stimulus to breathe in and 
termirzte the prolonged apnoea was probably 
associaced with an increase in carbon dioxide, and 
sometimes with hypoxaemia. Hyperventilation in 
healthy human adult subjects does not result in a 
prolorged absence of inspiratory efforts; this re- 
sponse has been described only when there was 
diffuse disease of the forebrain,!© or when the 
subjec- was anaesthetised or heavily sedated.” In 
case & a clinical seizure occurred during hyper- 
ventileon and was associated with a prolonged 
absence of inspiratory efforts. 

The -cond pattern, periodic apnoea,*! occurred 
in both. patients and controls. In all but one of the 
patien: with Rett syndrome, values exceeded those 
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in the control group (table 2) by ratios of 2:1 to 75:1. 
Increases were particularly noticeable in patients 
with hyperventilation or with a history of hyper- 
ventilation. Some of these increases in periodic 
apnoea undoubtedly reflected the apnoea/Valsalva 
manoeuvres that frequently occurred in succession. 
Sometimes the intervening episodes of apnoea were 
associated with hypoxaemia. Cheyne-Stokes 
breathing (a form of penodic apnoea) has previously 
been described in association with hyperventilation 
by Brown and Plum,” 

The third pattern, that of continued inspiratory 
efforts and inspiratory airflow but with accompany- 
ing hypoxaemia, was found in one patient (case 10). 
There was no evidence of partial upper airway 
obstruction, and these findings could suggest the 
presence of a mismatch in ventilation/perfusion 
associations (possibly through areas of alveolar 
atelectasis). It is possible that in this patient hyper- 
ventilation had impaired the function of lung 
surfactant. ?' 

Our findings that respiratory abnormalities in 
patients with Rett syndrome are present only when 
they are awake confirm those of Glaze et aP; we do 
not, however, agree with these authors that the 
hyperventilation is compensating for periods of dis- 
organised breathing and hypoxaemia. Our record- 
ings clearly show that hyperventilation 1s the 
primary problem and that its onset does not occur in 
response to hypoxaemia, rather, hypoxaemia is a 
consequence of the prolonged apnoeic episodes 
induced by the hyperventilation. Unlike Glaze et aP 
we found that breath holding and Valsalva man- 
oeuvres occurred often in 14 of our 18 patients. 
Their finding that end tidal carbon dioxide was 
normal during disorganised breathing does not 
concur with our results. The lack of a plateau 
on the expired carbon dioxide trace shown in their 
figure could be one reason for their failure to 
identify the low end tidal carbon dioxide values 
indicative of hyperventilation. 

There are interesting parallels between some of 
the characteristic features of Rett syndrome that we 
have described and the hyperventilation syndrome 
that is documented ın children and adults in which 
the following signs have been reported: peripheral 
vasoconstriction,” ?* neuromuscular irritability 
leading to tetany and muscle contractures,” para- 
sthesiae and a lowered pain threshold”: and the 
induction of seizures." 

There are also biochemical parallels between the 
hyperventilation syndrome and Rett syndrome. 
Respiratory alkalaemia (a consequence of hyper- 
ventilation) produces a compensatory reduction in 
plasma bicarbonate ions.” ”* This is accomplished 
by an increase in renal excretion and a correspond- 


ing retention of ammonium ions, and by influx of 
bicarbonate ions into the cells in exchange for 
chloride ions. These compensatory mechanisms may 
result in a decrease 1n plasma bicarbonate and an 
increase in plasma chloride and ammonia concentra- 
tions. Alkalaemia may also increase the concentra- 
tions of lactate and pyruvate in plasma and cere- 
brospinal fluid.“ These biochemical findings, some- 
times unconfirmed, have been reported iu Rett 
syndrome.! ?? ?? Increased plasma chloride concen- 
trations, decreased plasma bicarbonate concentra- 
tions, and lactate concentrations at the upper limit 
of normal were identified during hyperventilation in 
our patients (table 3). 

Hyperventilation produces not only vasoconstric- 
tion in the skin but, of more importance, in the 
cerebral circulation. Moreover, alkalaemia ın- 
duces a leftward shift ın the oxygen dissociation 
curve, and theoretically may impair the unloading of 
oxygen to the cerebral tissues. In combination with 
the extracellular alkalaemia,” these effects may also 
increase cerebral lactic acid concentrations. The 
abrupt and extreme changes in cerebral blood flow 
that accompany sudden changes in carbon dioxide 
concentrations between being awake and being 
asleep may adversely affect cerebral perfusion. 
Together with the hypoxaemia accompanying abnor- 
mal apnoeic episodes, these mechanisms may con- 
tribute to the development of the cerebral impair- 
ment that has been reported in Rett syndrome.?! 32 
Further studies of changes in cerebral blood flow in 
children with Rett syndrome and hyperventilation 
are indicated. 

Sudden unexpected death has been reported in 
Rett syndrome.” Two of the 19 children referred to 
in our original papers of 1985 and 1986? ? have since 
died suddenly and unexpectedly aged 11 and 16 
years. The known effects of disturbances of pH and 
ionised calcium on cardiac muscle excitability,77?* 
and the propensity of hypocapnia to reduce coron- 
ary artery perfusion may be important in some 
cases. One further danger was seen in case 9 in 
which hyperventilation seems to have led to inhibi- 
tion of inspiratory dnve induced by seizure and 
resulting in prolonged and severe hypoxaemia. 

Because severe and persistent hyperventilation 
could contribute to deterioration of central and 
peripheral neurological function in Rett syndrome it 
seems wise to detect and treat this component of the 
syndrome early in life. Monitoring of end tidal/ 
transcutaneous carbon dioxide can be done by non- 
invasive and comparatively straightforward 
techniques that could be applied to infants or young 
children presenting with developmental delay of 
unknown cause. Clinical observations alone are 
unreliable in the diagnosis of hyperventilation; this 
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dzfficulty has been well described in adults with the 
hypervertilation syndrore where only occasional 
breaths 5f large tidal «clume may be needed to 
mairtain severe hypocaria.? 

In. corclusion, hyperventilation is ar. important 
feature 2f Rett syndrome and its -espiratory, 
neurophrsoiogical, biocazmical, and vescular con- 
sequences may contribute :o the ckaracteristic 
fectures of the syndrcme. Further :tudies are 
requ.red -o determine wtether correcting the hyper- 
ventiaticn will benefit petients with Rett syndrome. 
Hypervertilation appears to be the ceuse rather 
than the result of hypoxzemia. 


Dr Southall was funded by NeLor ard Dr Tirosh sy the British 
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A Irwin, Dr A Eutchinson, and Dr F Dryburgh anc therr staff for 
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Juvenile myoclonic epilepsy 


M J CLEMENT AND S J WALLACE 


Department of Paediatric Neurology, University Hospital of Wales, Heath Park, Cardiff 


SUMMARY The clinical and electroencephalographic features of 10 adolescents with juvenile 
myoclonic epilepsy are presented. The mean age on onset was 12:3 years. Myoclonic jerks, 
predominantly on awakening, occurred in all 10 and were associated with infrequent generalised 
tonic-clonic seizures in nine. Five had first degree relatives with seizures. The neurodevelopmen- 
tal status was normal in eight and social integration good in seven. Waking interictal 
electroencephalograms showed normal background activity in nine, polyspike and wave in six, 
and single spike and wave in eight. Four were photosensitive. Failure to respond to other 
antiepileptic drugs was usual, but valproate monotherapy resulted in good or complete seizure 
control. Juvenile myoclonic epilepsy is a well defined clinical entity that responds well to 
valproate and is usually associated with a good outlook. 


Of the childhood epilepsies, those which include 
myoclonic jerks cause most confusion, and especi- 
ally in younger children are most likely to be drug 
resistant. Juvenile myoclonic epilepsy appears to be 
a distinct and relatively benign epileptic syndrome. 
Although well recognised in literature from con- 
tinental Europe and the United States juvenile 
myoclonic epilepsy has apparently not been studied 
in detail in Britain." We aim to draw attention to 
this epileptic syndrome. Our findings ın 10 patients 
with seizures typical of juvenile myoclonic epilepsy 
are presented. The clinical and electroencephalo- 
graphic features, and responses to antiepileptic 
drugs, are reviewed. 


Patients and methods 


Between 1981 and 1987, 10 adolescents (five boys 
and five girls) with recent onset of myoclonic jerks, 
and 1n most cases associated generalised tonic-clonic 
seizures, attended the paediatric neurology clinic, 
University Hospital of Wales. Five were referred by 
general practitioners and five by consultant paedia- 
tricians. On presentation a full history of seizures 
was taken for both the patients and their first 
degree relatives. Information was collected on the 
perinatal and medical histories, as well as develop- 
mental, social, and educational details. General 
physical and full neurological examinations were 
performed on each patient and all had ‘routine’ 15 to 
20 minute electroencephalographic recordings with 
hyperventilation and photic stimulation. The re- 
sponse to previous anticonvulsant treatment and to 


the introduction of valproate monotherapy was 
assessed. 


Results 


SEIZURE TYPES AND CHARACTERISTICS 

The seizure types at onset and the intervals between 
myoclonic jerking and generalised tonic-clonic sei- 
zures are shown in table 1, with the ages at onset. In 
eight patients the myoclonic seizures occurred 
almost exclusively on awakening in the morning. 
Similarly, six of the nine patients with generalised 
tonic-clonic seizures had their seizures predominant- 
ly in the early morning after a series of myoclonic 
jerks. Three of the four girls who had reached 
menarche described an increase in myoclonic jerk- 
ing at menstruation. Two patients noticed that their 
jerks were induced by a television or computer 
screen, 


PREVIOUS SEIZURES AND FAMILY HISTORY OF SEIZURES 
Two boys had a history of febrile seizures. One girl 
had a history of unexplained ‘fainting attacks’ from 7 
years of age. Five patients had a first degree relative 
with a history of seizures. In three cases there was a 
history of febrile seizures in siblings, one patient had 
a sibling with absence seizures, and in another the 
father had a history of infrequent, early morning 
generalised tonic-clonic seizures. 


PERINATAL AND MEDICAL HISTORY 
The perinatal course was uneventful in all but one 
boy, who had been born by emergency caesarean 
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Tabl2 1 Seizure types and characterisucs 








Pavect Sex “azure type Age at Age at Interval between 
No ct onset onset first GTCS onset myoclonus and 
(decamal years) first GTCS (months) 

1 M GTCS+ mvocbnus 95 95 0 

2 M Moclonus 10-8 11-7 10 

3 M *ivocionus 10-9 (GTCS did not 

develop) 

4 F 3_CS+myocl snus 116 11-6 0 

5 F STCS+myocl anus 12 1 12-1 0 

6 M XIvoclonus 12:7 129 3 

7 F Niroclonus 12-8 12 9 1 

8 F Mvoclonus 13:5 14-1 7 

9 M Myoclonus 13-8 14-1 4 

10 F Myoclonus 15-7 15:8 1 





GTCS=generalised tonic-clonic serzu-e 


Mean age zt orset of seizures. 12-3; mean age & first GTCS, 12-7 
Mean inter-a fom myoclonus -o GTCS n those presenting with myoclonus alone was 4 3 months 


section ac term; he had done well after 24 hours 
obse-vation on a special care baby unit. The medical 
histo-y was unremarkable in n ne; one petient had a 
posterior fossa medulloblastoma removed at 2 years 
of age. He had had surgery followed by courses of 
radictherapy and chemo-hera»y, which were com- 
pleted si» years before -he cmset of seizures. 


DEVELOPMENTAL HISTORY 

Altheugh not seriously delayed, three patients had 
first Walked after 17 moniFs of age and oae of these 
had zlso aad mildly delayed speech. The develop- 
mental history was unobtzinab.e in one gi-1; she may 
also have. had some delay as, at presencation, she 
was »eceizing schooling “or the educatienally sub- 
normal (moderate). 


SCHOOLING, BEHAVIOUR, AND SOCIAL INTEGRATION 
Nine »atierts attended namei school, of-whom two 
requiced remedial teaching. One receivec schooling 
for the educationally subnorma. (moderéte). Overt 
behaviour: disturbance was reported in two 
patients who had outbursts af uncontrol able rage. 
Socia integration was approrrete for ags in all but 
three patents. Two lacked confidence and were 
unrelzable with tasks such gs shcpprng. One girl was 
described as ‘rude and rebellious' and d d not mix 
well with Fer peers. 


NEURCLOG.CAL EXAMINATION 

Neurclogical examination was normal in seven 
patierts. Of the other three, cre was milcly dyspra- 
xic, a seccnd had a minimal hemiparesis Only the 
patiert wit a previous medulloblastoma had more 
than a minimal disability; ke had pronounced 
dyspraxia. : 


GENERAL EXAMINATION 
General examination was normal in all but one girl 
who was very short in stature due to unknown 
causes despite prior investigation. 


RESULTS OF ELECTROENCEPHALOGRAPHY (TABLE 2) 

The background rhythms were normal in nine 
patients The records of six patients showed a 
generalised and symmetrical polyspike and wave 
pattern. Of the records of the remaining four, one 
showed spike and wave activity on hyperventilation, 
one showed bursts of generalised slow waves and 
sharp waves accentuated by hyperventilation, and 
one showed sharp waves and an isolated ‘near spike’ 
in the right temporal leads on hyperventilation. In 
the patient who had had a previous medulloblasto- 
ma, spike and wave with pronounced slow wave 
abnormalities, variable asymmetries, and bilateral 
phase reversals were recorded. Four patients dis- 
played appreciable photosensitivity and of these, 
two had a myoclonic photoconvulsive response. 


RESPONSE TO TREATMENT 
Before attendance at the clinic six patients had been 
prescribed phenytoin, carbamazepine, or clo- 
nazepam, singly or 1n combination. One showed a 
partial response to phenytoin, but the dose required 
produced toxicity. Another showed an unsatisfac- 
tory partial response to combination treatment with 
carbamazepine and clonazepam. The remaining 
four showed no response to previous treatment. On 
the other hand, sodium valproate was effective and 
well tolerated in all our patients. Seven showed 
cessaticn of all seizures and in the remaining three 
cases there was an appreciable reduction in seizure 
frequency. 
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Table2 Results of electroencephalography (All recordings were made with the patient awake and interictal) 


prereset 





Patent Background Isolated Polyspikes or Spike Abnormal Sharp Photosen- 
No activity spikes polyspike/wave and bursts of waves sinvity 
wave slow waves 

Opie at essed Pa a tc Sh a a a a 
1 Normal t * + +> $ 

2 Abnormal + + 

3 Normal + + + t 

4 Normal + 

5 Normal + + + t 

6 Normal * + + 

7 Normal + + 

8 Normal + + + + + 

9 Normal + + 

10 Normal + + : 
+=:Present 

*Appreciably photosensitive, tvery photosensitive with photoconvulsive jerks 
Discussion vation,? 7 !9 15 !6 excessive alcohol intake,’ 7 P !® 

emotional stress,’ and menstruation’ !9 !! 8 may 


The International Classification of Seizures into 
partial and generalised forms is well known.® The 
characterisation of ‘epileptic syndromes’ by seizure 
type(s), together with specific findings on elec- 
troencephalography and particular neurological or 
intellectual abnormality,” however, has been less 
widely practised. The recognition of an epileptic 
syndrome can help in determining the treatment 
most likely to control seizures, possible associated 
problems and the prognosis. Better known examples 
of such epileptic syndromes include West syn- 
drome, Lennox-Gastaut syndrome, and ‘benign 
partial epilepsy with centro-temporal (Rolandic) 
spikes’. 

At a prevalence of between 4% and 5-4%,? !? !! 
juvenile myoclonic epilepsy is almost as common as 
classical absence epilepsy (petit mal), which occurs 
in about 676 of epileptics. ^ Despite this it remains 
an underappreciated syndrome, usually unrecog- 
nised by the referring clinicians 

Onset around puberty is a very characteristic 
feature.? ? 5 7 9-11 13 1^ At least three quarters of all 
cases start in the second decade.’ !° !! The mean age 
of onset of myoclonias in the present series was 
somewhat younger than those from other 
reports,^ ? 7 '? but the latter have included 
young adults in contrast with our purely paediatric 
case load. 

In juvenile myoclonic epilepsy the seizures are 
virtually always of two types and occur almost 
exclusively on morning awakening.? ? ? 1° |! © Bijat- 
eral single or repeated, arrhythmic, irregular myo- 
clonic jerks without loss of conciousness are noted 
predominantly in the arms, and infrequent general- 
ised tonic-clonic seizures, which may occur separate- 
ly or more commonly follow a series of myoclonic 
jerks, can also be present.? ? ? >H 15 15 Sleep depri- 


precipitate the seizures. Nine of our 10 cases had 
generalised tonic-clonic seizures as well as myo- 
clonic jerks; a proportion comparable with that in 
other series.) 7 9 ! In most cases the myoclonic 
jerks are present for some time (months or years) 
before generalised tonic-clonic seizures occur and 
may then be erroneously considered to be 
hysterical.” !° Reflecting the somewhat younger age 
in our cases, the onset of generalised tonic-clonic 
seizures followed relatively soon after the myo- 
clonias. Four of our 10 patients had clinical or 
electroencephalographic responses to photic sti- 
mulation, in keeping with the observation that 
virtually no other epileptic syndrome 1s as closely 
related to photosensitivity as juvenile myoclonic 
eprlepsy.!^ 

Genetic factors are clearly of aetiological import- 
ance. Half of our cases had first degree relatives 
with seizure disorders. In other series between 25% 
and 50% of patients have a family history of 
seizures.? 7 !? ! Only one of our patients had more 
than minimal abnormalities on neurological ex- 
amination and these were probably attributable to 
previous intracranial surgery, radiotherapy, and 
chemotherapy. The almost invariable normality of 
patients ın other series has been empha- 
sised.? ? 7 19 11 15 Almost all patients are reported to 
be of average intellect,” ? ? 5 !° 15 and all but one of 
the children 1n our series were being educated in 
normal schools. There may, however, be a tendency 
to an immature personality trait and social mal- 
adjustment.® 7 1° /5 

When abnormal, the electroencephalogram can 
provide very helpful confirmatory information. In- 
terictally the background activity is nearly always 
normal,” ? 5 10 and epileptic discharges are char- 
acterised by multitudes of spikes occurring bilater- 
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ally, bilaterally synchroapus spike and wave, and 
the »articularly characteristic »olyspike-wave com- 
plexes. Repetitive spike aad weve compExes always 
occur at a —equency greater tkan 3 and usually at 3-5 
tc 4 5 cycEs/second.? 33710 B abnormalities are 
more likely to be found cn rezcrds obtained early in 
the day," after sleep Cepr-vation,?? ! or after 
plen'iful irr ake of alcohcl or coffee. H-perventila- 
tion is not “ery provocat.ve, zut intermitent photic 
stimulation commonly prccuces polwspike-wave 
disckarges 7 ? 10 14 

Tke lack of neuroloz.cal and intelectual de- 
terio-ation in juvenile m yaclomc epilepsy, together 
with a no-mnal backgrovrd electroenceohalogram, 
help to distinguish it from the “progresse myoclo- 
nic epilepsres’ such as Baltic myoclonus epilepsy, 
Ramsay Hunt syndrome, myozloaic eptepsy with 
ragged red fibres, etc, :n which progression to 
dementia amd paralysis is almost invarialle.’” Juve- 
nile myocl=nic epilepsy must also be differentiated 
from the ra-er ‘epilepsy with myoclonic ebsences’ in 
which genzralised, rhytlimiczl, regular myoclonic 
jerking occars during a period of altered concious- 
ness and thz electroence»nalcgrar shows 3/second 
spike and wave.!* 

Atsence seizures have veen reported in associa- 
tion with j.-venile myoclonic epilepsy but were not 
present in any of our patients.” ? ? 7 '* '? Tn some of 
these reporzs adolescent: with absences as well as 
myoclonic erks and geazralsed tonic-clonic sei- 
mires appeer to have more severe seizure 
disorders,” and it has bzen siggested taat, rarely, 
trans-tional forms of myoclonic absences and juve- 
nile myoclonic epilepsy may ozcur.?? On “he basis of 
the very gccd outlook ior those who nave early 
morring myoclomas and gemerahsed tonic-clonic 
sexzu-es only. we suggest ihat patients wich absences 
in additiom should not be classified as having 
juverile myoclonic epileasy. 

In the prevention of seizures in juvende myoclo- 
nic epilepsy, it 1s clearly mpo-tant to evoid sleep 
deprivatior, and excessiv2 intake af alcohol or 
coffee. In zcdition, it is usually necessary to use 
antieoileptic treatment. Ir common wita the find- 
ings of all other reports, ^ P 1? 2 tre present 
series shows che very specific 27ficacy of valproate. 
Our »atients are still toc young for the long term 
outccme ta be considered In studies with long 
follow up periods, good control of 'eizures is 
maintained with continued valproate, but even after 
many years. recurrence cf tre seizures 1s almost 
invarable if valproate 1s withdrawn [J Roger, 
personal cox munication'.^ '? 

In conclusion, juvenile myoclonic ep lepsy is a 
well define epileptic syndrome in which myoclonic 
jerks and inirequent geaeralmed tonic=lonic sel- 


zures occurring on morning awakening start at 
pubeity A close family history of primary general- 
ised seizures is common and the neurological and 
inte Ectual status is usually normal The elec- 
troe-cephalogram may be normal but more usually, 
part cularly if recorded early in the morning, shows 
multstudes of spikes, spike and wave, and polyspike- 
wave complexes, frequently with photosensitivity. 
The zeizures respond well to valproate, but are 
ressant to other antiepileptic medication The 
outlook for freedom from seizures is very good 
provided valproate is continued, but relapse 1s usual 
if treatment ceases. 
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Urinary mannitol:lactulose excretion ratios and 
jejunal muccsal structure 
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Instzute of Child Heal, University cf Birmingham and "Children's Hospital, Ladywood Middleway, 
Birraiingaam 


SUMMARY A dual sugar (mannitol, actulose) absorption test was evaluated using an iso-osmolar 
oral dose in two groups o ch-ldrer a study group of 43 children divided into five subgroups, 
based on severity of mucosal damege, and a contro. group of 53 children with histologically 
normal jejunal biopsy specimens. After an oral dose, the three hour urinary mannitol:lactulose 
ratios in the control group showed a aighly significant positive correlation with body surface area. 
After ccrrection for the bocy surface area relationship, a control lower limit was defined by the 
mean —ZzSD of the beg, transformed control manritol:lactulose ratios. 

Specificity and sensitivity for severe villous atrophy was 98% and 95% respectively but the 
sensitivicy declined rap:dly with dec-easing degrees of mucosal damage, and the test would not 
therzforz bz an adequzte screening procedure for all enteropathies. In sequential studies in 18 
children, the changes m the mannito :lactulose ratio wzre consistent with the changes in mucosal 
structure induced by għ ten challenge or gluten withdrawal. The test may therefore have a role in 


any sequen-ial study af les: ons of the mucosa of the small intestine. 


The diagnosis of a small mtestinal enteropathy can 
be made »alv by jejunal »:opsy. Non-invasive tests, 
such as tte xylose absorpt»on test have bzen used as 
prelrninary screening p-ocecures! but they have 
limitations ^ Although set sfactory in prznciple, the 
inherent var:ables of scstric emptying intestinal 
trans t and blood flow, and renal function reduce the 
correlation between xylose absorption or excretion 
and the degree of mucosal damage.” The search for 
improved. screening tests has continuec and most 
recertly a dual sugar absorption test has been 
proposed ? ^ Dual sugar <bsorption tese are non- 
invas ve aad have the additional adrantage of 
eliminating many of the variables associated with 
the single sugar absorption. tests. Dual suzar absorp- 
tion tests have been shown to be effective as 
screening tzsts for coeliac disezse in adults." The 
test aas been used in s number of studies in 
childien,* but its role as a chagnostic procedure 
for mucosal damage in chiklhood has not been fully 
validzted.!* !* 

We haxe therefore assessed the value of a dual 
sugar test (mannitol-lactubose_, by dete-mining its 
efficiency in taree potentia applications: as a screen 
for ar enteropathy; for assessirg dietary compliance 
durinz gluten withdrawal; and for detemmining an 
apprcpria:e time for a post glu-en challerze biopsy. 


Patients and methods 


SCREENING STUDY 

The study group comprised 43 children undergoing 
jejunal biopsy for investigation of gastrointestinal 
sympscms (median age 6:8 years, range 0-4-17-2 
years . All had either villous atrophy, of varying 
severmy, or histological abnormalities without vil- 
lous atrophy They were divided into five groups by 
severay of histological abnormality, in a single blind 
situaton, by the histopathologist of the Children's 
Hospxal, Birmingham, using the cnteria of 
Whitehead. The five groups comprised: subtotal 
villous atrophy (n=14); severe partial villous atro- 
phy (n=3); partial villous atrophy (n=6); mild, 
patchy partial villous atrophy (n=8); and increased 
cellulerity of the lamina propria but no villous 
atrophy (n=12). 

The control group comprised a further 53 children 
(medisn age 4-6 years, range 0-8-17-9 years) with 
gastramtestinal symptoms but whose jejunal biopsy 
specimen was histologically normal. None had a 
histor of atopy. 


DIETALY COMPLIANCE STUDY 
In the part of the study nine children from the 
screering investigation, who had subtotal villous 
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atrophy, started a gluten free diet. In addition, eight 
children who were maintaining a histologically 
normal jejunal mucosa, while on a gluten free diet, 
started gluten challenge (20 g gluten/day). Dietary 
compliance was assessed at intervals of four to six 
weeks by the dietetic department of the Children's 
Hospital, Birmingham. The dietary findings were 
not communicated to the clinical investigators until 
the end of the study. 


JEJUNAL BIOPSY 

All patients in the study had one or more peroral 
jejunal biopsies as part of their routine gastro- 
intestinal investigations Biopsy specimens were 
obtained just distal to the ligament of Treitz using a 
paediatric size Watson modification of the Crosby 
capsule, positioned with fluoroscopy. None of the 
patients had bacterial contamination of the small 
bowel at the time of biopsy. 


DUAL SUGAR {MANNITOL-LACTULOSE) ABSORPTION TEST 
After an overnight fast (six to eight hours in infants) 
and after passing the first morning urine specimen 
(the ‘fasting specimen’), the test sugar solution was 
ingested. Aiter one hour, the test subjects were 
encouraged to drink water freely to increase urine 
flow but no other drinks or food were permitted for 
a further two hours when the test ended. The fasting 
specimen and all urine specimens passed during the 
test period (the 'test specimens") were saved separ- 
ately in bottles containing 0-5 ml 1095 w/v sodium 
azide. The time of each test specimen was recorded. 

The test sugar solution contained 10 g/l mannitol 
and 75 g/l lactulose (274 mosm/1) and 0-1% Nipasept 
preservative. The dose was body surface area 
related (100 ml/square metre) with lower and upper 
dose limits of 20 and 100 ml. 

The test was done within two days of the jejunal 
biopsy 1n 85% of the children and within five days in 
the remaining 15%. In the 17 children on gluten 
withdrawal or challenge, the tests were carried out 
at intervals of four to six weeks using the same sugar 
dose throughout for a given patient. None of the 
children was receiving drugs before or dunng the 
investigations. The test procedure was approved by 
the local ethical committee and informed verbal 
consent was obtained from parents of all the 
children before testing. | 


MANNITOL AND LACTULOSE ASSAY 

All urine samples were stored at —20?C until 
analysed. All test urines passed up to three hours 
after the sugar dose were pooled before analysis. 
Pooled samples were prepared for analysis by 
centrifuging cold to remove any deposit followed by 
desalting with Amberhte MB-1, acetate form. The 
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volume of desalted urine contaming 2 pmol creati- 
nine was further purified by preparative thin layer 
chromatography on foil-backed plates. Areas of 
the plates corresponding to mannitol and lactulose 
standards were excised and eluted with acetonit- 
rile:water (72-5:27-5 v/v) and the eluant dried under 
vacuum. The residue was dissolved in 200 ul 
acetomtnle:water just before chromatographic 
analysis. Mannitol and lactulose were measured by 
high performance liquid chromatography using a 
250x5 mm Spherisorb-5 amino column (Phase 
Separations Ltd) or 250x4 mm LiChrosorb amino 
column (E Merck) eluted with acetonitrile:water 
(72-5:27-5 viv) at 1-5 ml/minute. Eluted solutes were 
detected with a mass detector (Applied Chroma- 
tography Systems) and quantitated by comparison 
with standard mannitol-lactulose mixtures, peak 
areas being measured by a Milton-Roy CI-10 
integrator. Test results were expressed as the 
mannitol:lactulose concentration ratio measured in 
the three hour post sugar ingestion urine 
pool. : 

Tests with fasting urines containing more than a 
trace of solutes with chromatographic retention 
times corresponding to mannitol or lactulose were 
discarded. Al] analyses were done in duplicate from 
the desalt stage and mean values taken. The 
coefficient of variation of differences between dupli- 
cate analyses was 2-576. The recovery of mannitol 
and lactulose added to sugar free urine was 8596 or 
greater. 

The statistical analysis was non-parametric. 
Spearman’s rank correlation coefficient was used to 
determine the degree and significance of association 
of two variables. 

(Mannitol is a hexitol not a hexose but has been 
designated ‘sugar’ in this report for convenience). 


Results 


SCREENING STUDY 
Despite the use of a body surface area related sugar 
dose, mannitol:lactulose ratios showed a significant 
positive correlation with body surface area in the 
control children (10-646, p<0-001). The relation- 
ship was similar in children with villous atrophy but 
was less pronounced (fig 1). The ratios were there- 
fore corrected for body surface area (ratio/BSA). 
The corrected data from the control group exhibited 
a positive skew and it was therefore log;g trans- 
formed before determining population parameters. 
The lower limit of the control distribution shown in 
fig 2 is the mean —2SD of the logy) transformed 
control data (mannitol:lactulose ratio of 3-09). 
Fig 2 shows the corrected mannitol:lactulose 
ratios for the study and control groups. All but one 
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Figi Thxee hour urinary maanitel-lactulose ratio—body 
surface area reiationship. Ch. ldrer: with villous atrophy 
comp-ised I4 wuh subtotal vePous etrophy, three with severe 
partial villous ctrophy, and three 47th partial vElous 
atropay Te body surface arza correlation datc applies 
only to the zontrol group. 
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Fig2 Bocy surface area corrected manato! lactulose 
rct:os =n coatro. and study grcups. “he siudy graup was 
divided inte jive subgroups besed 22 seventy of -nucosal 
damage. l= subtotal villous arrepk-s (n—14); H severe 
partia. villous atrophy (n3); HI-gpcrtial villous atrophy 
(n=6) IV=mild, patchy parta villous atrophy n8); and 
V-increased cellularity of the [amica propria without 
villous atro2hy ‘n=12). The | crizorial burs shcw the mean 
velue sor eacn subgroup. The broken line denotes the lower 
limut œ the cont-ol range deju ed by tae mean ~2SD of the 
log;o t-ansformed control marr itoldcctulose ratos. 


of the 17 children with severe mucosd damage 
(subtctal "illcus atrophy or severe partal villous 
atropty) hed ratios below the lower limit of the 
contrcl ramge. Lesser deg-ees of villous ztrophy or 
histological aEnormality were associated with ratios 
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within the control range. A clear trend in the ratios 
was seen, the ratios being abnormal with severe 
villois atrophy but reverting progressively to the 
cont-ol range with diminishing villous atrophy. Only 
two Df six children with partial villous atrophy had 
ratics in the abnormal range. 


DIETARY COMPLIANCE STUDY 
Fig = shows the results in nine children, initially with 
subtetal villous atrophy, treated by gluten with- 
drawal. In the six children shown independently by 
dietary records to have complied with the diet, 
manmitol:lactulose ratios returned to normal. In the 
three children in whom gluten elimination was not 
complete, ratios remained in the abnormal range. 
In Ave children being treated as ‘coeliac’ with a 
gluten free diet who had normal jejunal mucosas 
and mannitol:lactulose ratios, gluten challenge re- 
sulted in ratios falling below the lower limit for 
controis (fig 4). The ratios remained subnormal until 
the rost gluten challenge biopsy specimen, which 
showzd that subtotal villous atrophy had been 
caused in all five. On subsequent gluten withdrawal, 
ratios returned to the normal range in all five 
children. In three other ‘coeliac’ children challenged 
with zluten, both the ratio and mucosal structure 
remacied normal throughout the whole of the 
challenge periods of 28-32 weeks (not shown) 


Discussion 
Manritol and lactulose were selected as permeabil- 
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Fig3 Mannitol:lactulose ratios during gluten wuhdrawal 
in nine chidren initially with subtotal villous atrophy. The 
broken "ine denotes the lower limit of the control range 
defined.ny the mean —2SD of the logo transformed 
control mannitol. lactulose ratios 
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Fig4 The change in mannitol:lactulose ratios during a 
gluten challenge and after subsequent withdrawal All the 
children had a histologically normal mucosa on starting the 
challenge. A denotes a post gluten challenge biopsy 
specimen showing subtotal villous atrophy The broken line 
denotes the lower limit of the control range defined by the 
mean —2 SD of the log; transformed control mannuol: 
lactulose ratios. 


ity markers because they fulfill many of the criteria 
for a satisfactory test molecule." * They are consti- 
tuents of normal infant diet, are present in propriet- 
ary infant milk formulas, and both have already 
been used in studies in preterm neonates? and 
infants.? They are not modified in the gut 
lumen" !5 or in the body and although some 
metabolism of mannitol occurs in the liver, it is 
insignificant.'? Both molecules are excreted by the 
kidney with clearances similar to creatinine.!? Ex- 
cretion 1s therefore directly proportional to the 
quantity crossing the mucosa of the small intestine. 

The urne collection period of three hours was 
based on the results of a preliminary study (unpub- 
lished) which had shown that a three hour collection 
produced a better discrimination between normal 
and severely damaged mucosa patients than the 
more conventional five hours collection. The 
abbreviated test period and consequent reduction in 
the period of fasting is particularly advantageous in 
children. 

The correlation of the mannitol‘lactulose ratio 
with body surface area was an interesting finding. 
Previous workers have used a standard sugar dose 
for all body sizes!? !? and it is possible that our body 
surface area related dose had the opposite effect to 
that intended—that is, to eliminate any body size 
effect. This observation suggests that the ratio of 
sugars ingested and the gut permeability to the 
sugars are not the only factors influencing the 
excreted sugar ratio. Gut permeability may change 


with age but ıt seems more likely that the absorption 
kinetics of the two sugars changes differently with 
dose quantity or volume or size of subject This 
feature warrants further investigation. 

The sensitivity of the test for detecting an 
enteropathy was only acceptable when there was 
subtotal or severe partial villous atrophy (9576). 
Sensitivity fell to 3396 for partial villous atrophy and 
to 2596 for mild patchy villous atrophy. The test did 
not detect jejunal abnormalities characterised by 
increased cellularity only. In the control group, only 
one mannitol‘lactulose ratio fell below the lower 
limit of the control range defined by the mean 
—2SD giving a specificity of 98%. Mannitol: 
lactulose ratios, however, remained in the control 
range in many children with an appreciable degree 
of villous atrophy or histological change As a 
screening procedure therefore, the dual sugar absor- 
ption test, 1n the form that we have used, will only 
identify the most severe degrees of villous atrophy 
In contrast, jejunal biopsy, with conventional histo- 
logy, shows all degrees of structural damage and 
also provides information on the likely aetiology. 
Confirmation of a suspected enteropathy must still 
therefore depend on biopsy of the jejunum. 

Many factors such as the ratio of the ingested 
sugars, the osmolarity of the test solution, size of the 
subject, and the duration of the unne collection 
alter the urinary ratio of the ingested sugars 
Furthermore, the analytical methods and the indi- 
vidual sugars used have varied from one study to 
another Few of the data already published there- 
fore are directly comparable. The same applies to 
compansons between published reports and our 
data. We are not aware, for example, of any other 
group that has used the advantage of the shorter, 
three hour urine collection that we report Most 
other workers report ratios on five hour urine 
collections.® 7 !9 !! * We have also chosen to use a 
mannitol:lactulose ratio rather than a lactulose: 
mannitol ratio. There ts no theoretical basis for 
expressing the ratio with either sugar as enumerator 
so for practical reasons we have expressed our 
results as mannitol:lactulose ratios. As the test 1s 
likely to be used in a routine clinical context, we 
consider it better to produce whole numbers that 
will be more readily appreciated in magnitude and 
discriminatory function. In addition, the fractional 
decimal numbers produced by a lactulose:mannitol 
ratio are more likely to cause transcription errors. 

Other workers have expressed the excretion of 
test sugars as a percentage of the ingested dose 
before calculating the urinary sugar ratios. Ex- 
pressed in this way, the overlap of mannitol: 
lactulose ratio data between our control and 
study groups was increased compared with the use 
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02 simple urinary concert-ation ratios, so no advan- 
tage was obtained. The overlap also appeared to be 
grear then that found 3y othe- workers.® 7 P M 
Tais may zave been due to cur use of so-osmolar 
suga- solut ans but, for r2ascns zlreadv discussed, 
such compzrisons are difficult and may mot be valid. 

Tte permeability of the smell mtestime to lactu- 
lose 1s kaown to be increased in the presence of 
hype-osrcka solutions“ *! This pLenomenon 
occurs both in the normal and in tke severely 
dameged jejunal mucosa ® The increcse in per- 
meaLbihty ir the damagec mucusa is greater than 
that of the normal mucosa. thus increasing the 
separation between the two groups. Ths has been 
the rationzle for using i-perosmolar solutions in 
adult?” ere] moderately Eyperosmolar solutions in 
children. * Hyperosmo er sclations do however, 
have the potential risk of inducing osmotic di- 
arrhoza ir caudren with a1 already damaged jejunal 
mucosa. Ve therefore corsiderzd their usz unjustifi- 
able 11 children. Others wcrking w.th chidren have 
also mosen so-osmolar test so utions.'? © The high 
degree of sensitivity and specificity that we report 
(fig 2 m the presence of severe villous a:rophy did 
not produce complete separation of the two groups, 
and segregation was not ir proved when he results 
were expressed as percertage mannmito.:lactulose 
ratios We cannot therefore recommend che test in 
the present form as a screesung procedure for 
entercpathies. Further studies evaluating the safety 
and usefulness of hyperosraolar solutions r1 children 
are required. 

In rhe cmgitudinal stccies the data from the 
children om gluten free or gluter ckallenge regimes 
sugzesed am important role “or the st. The 
changes in the mannitol:lactulase ratio from normal 
to abnormal and the reverse, were consistent 
throughout with the dietetEz reco7d and bicepsy data. 
A change 11 bowel habit occurred in only one of the 
five children on gluten caallenge that responded 
with mucosal relapse so that the change in ratio to 
subnormal levels was the s» e irdication o? mucosal 
damage? in the remainder befor2 biopsy. “he three 
children ckalenged with z:uten. who did not re- 
spend in thz challenge penod with a mange to 
subnormal racios, did show a lesser initial decrease 
but remained within the contro] range. Th» import- 
ance ot this small initial caange is not krown but 
may become zpparent during the zwc year 7ollow up 
on a normzl diet necessary Zor exclusion cf coeliac 
disease 

In the chi dren with s.total villous atrophy 
treated witn a gluten free diet, only those not 
practisrag complete gluten 2xclusion failed to re- 
spond with naannitol:lactu cse -atios returning to 
normal values within four to 12 weeks. 
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The value of the test therefore is much greater in 
longitudinal studies in an individual patient where 
the importance of the mannitol:lactulose ratio does 
not depend on its absolute value but on its relation 
to the results of earlier tests. A recent report has 
described the use of a mannitollactulose test, 
similar z0 ours, for following the improvement in 
ratio which accompanied the resolution of diarrhoea 
in children in the Gambia.” 

The mannitol-lactulose dual sugar absorption test, 
using a sugar dose osmolanty appropriate for 
children with diarrhoeal disease, is not sufficiently 
sensitive to detect lesser degrees of villous atrophy 
and is not therefore a satisfactory screening proce- 
dure for an enteropathy. It may, however, have a 
useful role in the assessment of dietary compliance 
in children on a gluten free diet, and for determining 
the appropriate time for post gluten challenge 
biopsy. Its role in the sequential study of other 
lesions of the small intestinal mucosa deserves 
further study. 
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Recent results of treatment o? infantile hypertrophic 


pyloric stenosis 


B ZEIDAN," J WYATT,* A MACSERSIE,t AND R J BRERETON’ 
Departments of ‘Surgery and fAncestkesia, Hospital for sick Children, Great Ormond Street, and Queen 


Elizabeth Hospital, London 


SUMMARY During the fre year period December 1980 to November 1985, 106 infants with 
hypertrophic pyloric :tencsis were treated. There were no operative deaths, but two late deaths 
occurred fom associa:ed abnormaities. The combination of preoperative rehydration, skilled 
anaesthesia, and the use of the Fredet-Ramstedt operation (pyloromyotomy) have virtually 
eliminated mortality trom uncomplicated infantile hypertrophic pyloric stenosis. The most 
common complicatiors wer2 gastro—oesophageal reflux in 11 (11%), perforation of the duodenal 
fornix in nine (8%), and wcund -nfection in five (5%); no wound dehisced. 


Several acthors! have suggested zhat in®ants treated 
for aypertrophic pylonc stenosis in Britain still have 
una-ceptably high comp ation rate: compared with 
those treated in the Ussted States, wLere experts 
have criticised British resalts.* Recent results at this 
hospital have been ana ysel tc asce-tain where 
mp-ovemerts could be made. 


Pati»nts and methods 


Between December 198J and November 1985, 106 
consecutive -nfants with pvlor:c stenosis "vere treated 
by ane surgizal team at this hospital: three were lost 
to follow up. Other secus associztec anomalies 
necessitated the admisszcn o€ four boys and eight 
girls (table I) who will te discussed separately, but 
the -emaimng 72 boys and 19 girls (tab es 2 and 3) 
were treated primarily for hypertrophic pyloric 
stenosis. In 85 of the 9. infznts the diagnosis was 
made clinically,* > but 12 infants undervent banum 
mea examination even -hough a pylcric tumour 
could be felt in six of than. 

In. all infants oral fe2ding was discontinued, a 
nasogastric tube was assed, znd tke stomach 
emp-ied. Milk curds we-e removed by .avage with 
warm saline. An intravenous infusior of 0-18% 
saline in 4% dextrose wes given, and hypokalaemic 
alkalosis was corrected with (-9% saline containing 
10 mmol of potassium «Floride in eack 500 ml of 
salins. Infants judged to be dehydrated by more 
than 15% were given 30 aI/kg of plasma. Operation 
was derformed on the naxt evailable he. To avoid 
unnecessary delay ope-atioms were occasionally 


Tale l Associated abnormalities in 103 infants with 
pylerte stenosis 


Abrormality No of 
infants 
Majer abnormalities 
Oxsoprageal atresia 5: 
Inestinal malrotation 4 
Oesopaageal atresia and intestinal malrotation 2 
Necrotising enterocolitis I* 
Minor abnormalities 
Mzckel's diverticulum 1 
Inzumal hernia 6 
Urdescended testis 2 
Vesicoareteric reflux and urinary infection 1 
Cardiovascular 3 


*Includ? two late deaths 


Tabce2 Possible predisposing factors in 91 infants 
presenting with hypertrophic pyloric stenosis 


No of 
infants 
Boys 72 
Girls 19 
Firstoorn. boys 7 
Prerrature babies 6 
One of twins 2 
Family history of pylonc stenosis * 
Bcys 3 
Gris 5 


*IncLides three siblings from one family, and two sisters from 
another. 
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Table3 Factors associated with diagnosis of 91 infants 
treated primarily for hypertrophic pyloric stenosis 





No 





Mean (range) age at onset of symptoms (days) 27 (0-75) 


Mean (range) birth weight (g) 3079 (1200-4390) 
Weight 

Gained 76 

Maintained birth weight 3 

Lost 12 
Palpable pylonc tumour 85 
Preoperative banum meal examination 12 


performed dunng weekends, but they were never 
done as emergencies 

One patient underwent operation under local 
anaesthesia for religious reasons, but the remainder 
had general anaesthesia with endotracheal intuba- 
tion. Infants were extubated when fully awake.° 
Opiate analgesics were not prescribed because 
infants of less than 46 weeks' gestational age (full 
term plus six weeks) have an appreciable risk of 
postoperative apnoea.’ 

A modification of Robertson’s gridiron incision® 
was used in all but the infant having the operation 
under local anaesthesia. In earlier cases the hyper- 
trophied muscle was split using either mosquito 
artery forceps or a Denis Browne pyloric spreader; 
more recently the surgeon simply turned the scalpel 
in his hand and used the rounded end. The handle of 
the Swann-Morton scalpel makes an excellent split 
in the pylorus without risk of damage to the 
duodenal mucosa. If the parents consented the 
appendix was removed by the inversion technique 
(which avoids bacterial contamination of the 
operative field and does not predispose to intussus- 
ception provided the appendix is devascularised).? 
Two infants underwent inguinal herniotomy during 
the same operation. The muscles of the abdominal 
wall were closed with 000 polyglycolic acid, and the 
same suture was used as a subcuticular stitch. 
Dressings were not used. 

To prevent hypoglycaemia, the intravenous 
infusion of 0:18% saline with 4% dextrose at 
2-3 ml/kg/hour was continued until the infant was 
feeding normally. The timing of the reintroduction 
of feeds was left to the discretion of the nurse in 
charge of the ward, and no specific regimen was 
used. Nearly all the operations were performed 
during afternoon operating sessions so feeding 
usually began late the next morning. In nine infants 
the duodenal mucosa was breached so the nasogastric 
tube was retained for 24 hours and feeds omitted 
during that time. 


Results 


Pyloric obstruction was relieved in all infants, and 
none required reoperation. There were no operative 
deaths and no deaths among those without serious 
associated abnormalities. In nine infants the 
duodenal fornix was perforated by surgeons in 
training using artery forceps or muscle spreaders. In 
each case the duodenum was oversewn with 
0000 chromic catgut and patched with omentum, 
and all recovered uneventfully. This complication 
has not occurred since artery forceps and spreaders 
were abandoned in favour of the scalpel handle. 
One infant had a severe reactionary haemorrhage 
requiring blood transfusion. and developed an 
abscess (pus from which grew Staphylococcus aureus) 
at the drip site. There were four wound infections, 
three of which required treatment with antibiotics; 
S aureus was isolated from two of these. There were 
no wound dehiscences, and no incisional hernias had 
developed by follow up at three months. Prolonged 
follow up was thought unnecessary and to date none 
of the infants has returned to this hospital for repair 
of an incisional hernia. 

The first postoperative feed was at a mean of 
21 hours (range 4-84) after operation, and patients 
were sent home a mean of 76 hours (range 22-168) 
after operation. Those with iatrogenic duodenal 
perforations were in hospital for about 18 hours 
longer than the others (mean 94 hours, range 
70-122) but the main reasons for prolonged hospital 
stay were associated gastro-oesophageal reflux, and 
wound infection. Some babies were not collected 
promptly by their parents. 

Postoperative vomiting occurred in half the 
infants, and usually lasted two or three days. 
Vomuting persisted 1n nine of the 91 infants without 
other serious abnormalities, and all of these had 
barium meal examinations; six were shown to have 
severe gastro-oesophageal reflux. Sliding hiatal 
hernias were present in three of these, but only one 
had oesophagitis at endoscopy. All recovered 
spontaneously after several weeks. 

Seven infants presented with oesophageal atresia, 
two of whom also had intestinal malrotation 
(table 1). One girl had Royer’s syndrome!” with 
associated intestinal malrotation, and she developed 
a wound infection with S aureus Two of the infants 
with intestinal malrotation failed to stop vomiting 
despite the Ladd's and Ramstedt's procedures, and 
one underwent Nissen fundoplication at the age of 
18 months These infants obviously stayed m hospital 
much longer than those with isolated pyloric stenosis. 

Associated anomalies caused two late deaths. A 
girl had birth asphyxia, colomc perforation from 
necrotising enterocolitis, and developed pyloric 
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TabE4 Fercentages of po-toverauve complications in reported series from the United States and Great Britain 
——— — ——————————————— es 


Wound 
infection 


Wound 
dehiscence 


incisional 
hernia 


Bleeding 


M M M M M MÀ M Ó € r € o ppp rs 


Authors Mortality Mucosal 
perforation 
United Sta-es 
Pollock ef ai, 1957* 1-- 05 
Beason end Lloyd, 1964" 0€ 2-1 
Bel, 19° 0-22 3-0 
Sckarli e. cl, 1969!5 20 1-2 
GiEbs ef a, 13755 0 0-8 
Grear Brtzir. 
Prcsser, 1565 7 = 07 
Doagall, 1266? (RE 3.5 
Bni:tol amc Bolton, 1981! 0 11:5 
Caie and Davidson, 1985? 0 7:2 
Present series 0 8-5 


3-0 2-0 0 1:0 
49 0-09 0-09 0 
0-3 0-3 0 0 
1-6 0-4 0 0-4 
0-8 0 0 0 
0-7 0 0 0 
14-0 1 30 0 
9-0 3.8 0 0 
95 0-4 0-4 0-8 
47 0 0 0-9 





stencsis during recovery. Despite pylo-omyotomy 
she never fed normally and became profoundly 
retarled. she died short v after returring to the 
refer-ing 1ospital. Another girl was origirally treated 
elsewhere ior oesophageal atr2sia, never fed orally, 
and was referred to our care az the age 07 6 months. 
Pyloric scenosis was diagnosed and treated, but 
numerous operations were recuired for complica- 
tions of the oesophageal repa.r. She died suddenly 
and nexplicably after colonic replacement of the 
oesphagus at the age of = years. 


Discussion 


The deve cpment of the t-eatr-ent of pylcric stenosis 
has beem well recorded.'3? For many years 
excellent results have beem reported for zhe Fredet- 
Ramstedt operation from the United Szates,* !!-!6 
but—outside selected certres! ^— infe-ior results 
have beer recorded in Entain ! ^ As lace as 1945, 
mortality as high as 25% was being seported in 
Briten. ^ Death from pyloric stenosis abne should 
not occu-,! but occasicral deaths are attributed 
either to anaesthesia or operation ? 

Projectile non-bilious vamizing is saic. to be the 
hallmark 37 pyloric stenosis,* 1? sutin ourexperience 
the nature of the vommting ts rarely helpful in 
diagrosis projectile vomicing bas also been described 
in intants with gastro-oescphageal reflux, and non- 
projectile vomiting in those with pyloric scenosis.! In 
the absenc2 of a palpable tumour diagncsis may be 
dificult, and. paediatricizrs usually request barium 
meal examination. In tte pas: some authorities) 
have reccmmended radiological examination in all 
cases; now that the dangers of neonatal irradiation 
are eppreciated, however, mcst expers condone 
radiclogical ciagnosis only in difficult cases! though 
barium s-udies are often equivocal when there is 
clinical doubt. !8 7! Shopfmer et «f^ were erroneously 
credized with the prorcuncement ‘ne palpable 
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tumour-—no surgery’, a policy that causes unneces- 
sary delay.! °! Radiological help was requested by 
the surgeons for only one patient in this series, but 
contrast meals had been performed in 11 cases by 
referring paediatricians.!? In other series, between 
3 and 25% of infants were submitted to radiological 
examination.! !4 16 1? Ultrasound examination is 
popular now,” but in our experience is unreliable 
when there are serious doubts about the clinical 
signs. 

Preparation for operation need not be 
hurried,’ !? and most clinicians use intravenous 
fluid replacement,? though some prefer oral 
rehydration.? Of our patients, 95% were mildly 
dehydrated, 3% moderately so, and only one infant 
severely so.? ^* Operation was always done within 
48 hours of admission, and usually within 
24 hours.! 1? 14 18 24 Respiratory depression or 
arrest are serious postoperative complications that 
may be caused by inadequate rehydration before 
operation.! Fluid and electrolyte imbalance also 
predispose to postoperative shock and convul- 
sions. © ^^ [t is essential to guard against hypo- 
thermia during the operation, and the effects of 
muscle relaxants and anaesthesia must be reversed 
before the endotracheal tube is removed.? 

A vertical incision should be avoided because the 
scar becomes increasingly obvious as the child 
grows,’ ? especially if a paramedian incision has 
been closed with tension sutures. The skin of the 
hypochondrium in the infant migrates superiorly 
and comes to lie over the lower chest in the adult, so 
an unusually high transverse subcostal incision in a 
neonate may give rise to an ugly thoracic scar in 
adolescence. Wound dehiscence after pyloromyo- 
tomy used to be fairly common (table 4), and 
remains soin those undergoing operation under 
local anaesthesia.! ^ Tension sutures’ are unneces- 
sary with Robertson's incision, which rarely 
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dehisces.° * Skilled general anaesthesia provides 
ideal operating conditions permitting the routine use 
of Robertson's incision by junior surgeons, but it is 
extremely difficult to operate through a small 
gridiron incision without adequate muscle relaxa- 
tion.! During the period of our review two infants 
(originally operated upon elsewhere) had their 
wounds resutured. 

Some experts in Britain are extremely critical of a 
surgeon who perforates the duodenal fornix, but this 
has not been an important complication in this 
series.! $ It is more common for a timid surgeon to 
perform an incomplete pyloromyotomy necessitating 
reoperation than it is for a bold one to cause serious 
postoperative complications by making a small hole 
in the duodenum—as long as this is recognised 
immediately and treated appropriately.* ? During 
the period of our review two infants, not included in 
our results, were referred for repeat pyloromyotomy 
after unsuccessful operations elsewhere. — . 

Postoperative care in hospital need not be 
prolonged, '^ !? and Prosser aimed at discharging his 
patients the next day. although the average post- 
operative stay was 52 hours. Prolonged hospital stay 
is caused by complications that occur in 10-20% of 
infants.” ! Serious haemorrhage after pyloromyo- 
tomy tends to be played down and many authors 
suggest that no steps need be taken to control the 
bleeding, though such laxity has been criticised’ 
and deaths from haemorrhage have been recorded.* 
Appreciable postoperative bleeding occurs in up to 
7-596 of patients! !? and after our salutary exper- 
ience with one serious haemorrhage we have taken 
greater steps to secure haemostasis. 

In the past, about three quarters of the deaths 
were caused by infection, mcluding pneumonia, 
peritonitis, and septicaemia. Gastroenteritis also 
used to be a major cause of death or morbidity,!6 ? 
but none occurred in our patients. Wound infection 
is a common complication (table 4), and recent 
reports from Britain give rates of about 1096.17? 
Organisms gain access to the wound from the 
umbilicus.” ^ We excluded the umbilicus from the 
wound with an adhesive drape? but still had an 
infection rate of 5%. The commonest organism to 
be isolated is S aureus? ? so it has been suggested 
that antistaphylococcal antibiotics should be given 
shortly before operation. In our series the wound 
infection rate was unaffected by duodenal perforation 
or inversion appendicectomy. 

Postoperative vomiting occurs in 30 to 95% of 
infants,! ? 4 12 13 15 17 772 and may be attributed to 
preoperative oesophagitis” or to the use of general 
anaesthesia,! though the latter has been disputed.? ? 
Vomiting is to be expected for two to three days‘ 
and it is known that gastric emptying is inefficient 


for the first 18 hours after operation," so early 
feeding should be avoided. Numerous feeding 
regimens have been used to overcome this 
problem‘ !^ !7 including delayed feeding, ^ ^ but 
none has been completely successful. Like Prosser!” 
we adopt a pragmatic approach and attach little 
importance to vomiting during the first 48 hours 
after operation. Of more importance 1s the vomiting 
that persists for several weeks after adequate 
pyloromyotomy.?? Forshall? was one of the first 
surgeons to recognise the association between pyloric 
stenosis and incompetence of the lower oesophageal 
sphincter. Symptomatic gastro-oesophageal reflux 
occurs in 10 to 1396 of patients." ?! The post- 
operative barium meal examination is helpful in the 
diagnosis of reflux, but of little value in the 
assessment of the pylorus because the radiological 
appearances of stenosis may persist for many 
months.” ?? 

Nowadays the prognosis for infants with pyloric 
stenosis depends on the associated anomahes, which 
are present in 6 to 20% of patients.! ? !* !9 3 The 
association with oesophageal atresia is well 
known‘  !* 33 *4 put sometimes difficult to establish 
without radiological help, especially in those with a 
gastrostomy. The association with rectal agenesis* 
or Hirschsprung’s disease? is less well known, as is 
that with cleft lip and palate,!? which makes feeding 
difficult. Congenital heart disease is an occasional 
association,* * !6 and two of our patients underwent 
successful aortic valvotomies. Minor renal anomalies 
have been detected in up to 20% of patients,” 
undescended testis in 3%, hypospadias in 0-976, and 
inguinal hernia in up to 1095. Of our 103 patients, 
six had already undergone inguinal herniotomy, but 
the explanation for this association is not apparent. 
We have observed that infants with these minor 
anomalies commonly vomit for several days after 
operation and, of the nine infants with persistent 
postoperative vomiting, two had hadinguinal hernias 
repaired and one girl had vesicoureteric reflux 
causing urinary tract infection. Intestinal malrotation 
was an important association in our series, though 
this has been reported infrequently in the past.!ó 18 

Our results could have been improved by ensuring 
that the pylorus was split with a blunt instrument, by 
greater attention to haemostasis, and by more 
vigorous attempts to prevent wound infection, 
possibly by using prophylactic antistaphylococcal 
antibiotics. Fewer contrast radiographs should have 
been done, and postoperative vomiting should have 
been anticipated in infants with minor associated 
anomalies. Uncomplicated cases should have been 
discharged within 48 hours of operation. Infants 
with major associated anomalies should be treated 
in regional centres, and otherwise healthy infants 


106- Zerlan, Wyatt, i4ackezrsie and Brereton 


being treated in district zeneral hospitaB should be 
treated by surgeons and anaesthetists wth a special 
interest in paediatric surz2ry.’ 
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SUMMARY Asphyxial seizures occurred in 89 of 101 829 infants born alive at term (0-87/1000) in 
three large maternity hospitals from January 1980 to December 1984. These seizures were 
significantly associated with antenatal complications, primiparity, and prolonged pregnancy. 
Meconium staining of the amniotic fluid was also associated with asphyxial seizures, but there 
were high false positive (11%) and false negative (50%) rates. Fifteen of the infants who had 
seizures died (18%) and 21 (25%) were handicapped at 1 year. Outcome was most successfully 
predicted by the way the infant was feeding at 1-2 weeks. All infants taking more than half their 
estimated requirements by mouth at 1 week were normal, and those still being fed by tube at 2 


weeks were handicapped. 


Asphyxia is the commonest cause of brain injury in 
the perinatal penod. Prevention, particularly in 
infants born at term, is the major goal of perinatal 
care. Perinatal asphyxia has been variously defined 
as including intrapartum events such as abruptio 
placentae, accidents with the cord, abnormal pat- 
terns of fetal heart rate, low fetal scalp pH, and the 
passing of meconium by the fetus. Definitions have 
also included assessments of the infant’s poor 
condition at birth such as the need for and the 
duration of resuscitation, the Apgar score, the acid 
base measurement, and varying combinations of 
abnormal neurological signs including seizures. 

Many of these indices correlate poorly with both 
proven intrapartum asphyxia (hypoxia, acidosis, and 
ischaemia) and with brain damage among 
survivors." ^ A seizure occurring within 48 hours of 
birth in an infant born at term is the most rigorously 
validated event that reflects asphyxia that can be 
prevented by better obstetric technique. Such sei- 
zures are also the most strongly predictive of either 
neonatal death or survival with handicap.” ô In this 
study, which was carried out in three large matermty 
hospitals, we attempted to document the incidence 
and outcome of neonatal asphyxial seizures with a 
view to predicting and therefore preventing them. 
By identifying reliable prognostic factors in the 
immediate neonatal period, we hoped to counsel 
parents more accurately. 


Patients and methods 
The study population comprised all infants born 


alive at more than 37 completed weeks' gestation 1n 
the Coombe, the National, and the Rotunda 
maternity hospitals during the five years January 
1980 to December 1984. Seizure was diagnosed 
when the consultant paediatrician found evidence of 
one of the following: myoclonic, multifocal clonic, 
generalised tonic, or focal clonic seizures. Infants 
with subtle seizures or ‘jitteriness’ were excluded. 
All infants were observed daily for at least four days 
postpartum, and those causing concern were seen 
daily by a consultant. Infants suspected of having 
seizures were admitted to the neonatal intensive 
care unit for assessment including estimations of 
blood glucose, sodium, and calcium concentrations; 
full blood count; lumbar puncture, neurological 
examination, and (latterly) cranial ultrasound 
examination. Infants of 37 weeks' gestation or more 
whose perinatal history suggested seizure due to 
intrapartum asphyxia and who had a fit within 48 
hours of delivery were included in the study. All 
three hospitals collect data prospectively on infants 
with asphyxial seizures, which are presented at a 
monthly perinatal morbidity conference. The next 
normally formed infant of the same gestational age 
born after each infant who had a seizure was used as 
the control. Data about outcome of survivors was 
obtained up to a minium of one year from the 
records of the developmental follow up clinics at 
each hospital A poor outcome among those who 
had seizures was defined as death, or handicap 
including cerebral palsy, mental retardation, 
epilepsy, or hearing or visual deficit 
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Anteratal variables documented in index cases 
and con-rols included meterrel age, he ght, weight, 
weizht gain in pregnamcy, parity, incidence of 
cigarette smoking, and specific obstetrc complica- 
tions (hypertension, prcteimuria, and antepartum 
haemorrhage). Intrapartum: variables analysed 
incladed spontaneous cr induced onse of labour, 
oxytocin stmulation, mecorium stained amniotic 
fluic, fetal heart rate (mcnitcred sither by intermit- 
tent auscultation or by continuous electronic moni- 
toriag), node of deliver». (ncrmal, instsumental, or 
caesarean), and gestational age. 

Nsonstal variables recorded were sex, birth 
weight, Apgar score, need for intubation or resus- 
citation, and interval to tbe or set of the irst seizure. 
Maragement of infants aith seizvres wzs similar in 
all three hospitals and included treatmeat with phe- 
noberbitone (10-20 mg/kg), phenytoin (10 mg/kg) 
and diazepam (0-1 mg/kg ; prophylacticanticonvul- 
sant druzs were not given. 

In order to assess the prognos-ic significance of 
methods af feeding, infants were assigned to one of 
three grcups (assuming < requirement o” 150 ml/kg/ 
day of milk): those taxing at least half their 
requirements orally by 1 wees of age; tiose taking 
at least half -heir requirements orally by 2 weeks of 
age, and thcse who were stil. receiving more than 
half zhe dzilv requirememts bv nasogastric tube at 2 
weeks of gge. The y? test was used to estimate the 
signicicarce of differences in. proporticns. 


Results 


During the study period a total of 101 329 infants 
were borr. alive after more then 37 completed 
weeks’ ges-ation; asph seizures occurred within 
48 hcurs of birth in 89 (0-87/1C00). These were com- 
pared with 83 control ba» es. The antepartum vari- 
ables thet were significantly associated with the 
deve opment of seizures are sEcwr in table 1. There 
was 10 association betweeen the devexpment of 
seizu-es and either cigaret e smoking or weight gain 
of less tran 10 kg during preznency. 

The intrapartum vanabies that were sgnificantly 
assodated with the development of seizures are 
shown in table 2. Mecon.um stumng did not occur 
in ha f the babies with se.zures thcugh it was found 
in 1176 0? the controls and those who had seizures 
were more likely to be boza by emergenc~ caesarean 
secticn or with the assistance of forceps than con- 
tro] sabizs. There was mo esscciation between 
induction of labour and development cf seizures. 

Thz babies who had seizares weighed s.gnificantly 
less et bicth than controls (tetle 2) but when the 
neonatal data of those wEc had seizures vere analy- 
sed with rega-d to outcome (ta»le 3), the association 


Tabi: i Comparison of antenatal detaus between the 
STOR ss 








Babies with Control p Value 
seizures (n=89) group (n=88) 
Matemal age 
«b 8 5 NS 
20—24 21 34 NS 
25-20 27 20 NS 
30-4 16 22 NS 
mlt 17 7 «0-05 
Pants 
0 49 36 <0-05 
J 27 40 NS 
>4 13 12 NS 
Comp jicatons 34 15 «0-01 
No complications 55 73 NS 


Tabl= 2 Companson of intrapartum details and birth 
veig between the groups 





Babies with Control p Value 
seizures (n=89) group (n=88) 
Amaccic fluid 
stam with 
me-anium 44 10 «0-001 
Zmersency caesarean 
secin 24 4 <0 001 
wid e: high cavity 
forec zs delivery 24 9 «0-001 
Gestat.on longer than 
4l »ecks 24 6 «0-001 
Birth "eight. (g): 
c3, 25 12 «0-05 
3003-3500 35 32 NS 
2341 29 44 NS 
Table 3 Associaton between measurements and outcome 
ia 89 babies who had seizures 
Good Poor p Value 
outcome outcome 
Feedirg (n=66): 
No -akmg half feeds orally 
by 7 days 25 0 «0:001 
No kung half feeds orally 
between 7 and 14 days 22 9 NS 
No -equinng tube feeding 
for >14 days 0 10 «0-01 
Mo intubated at birth. (n=50)- 
«10 minutes 14 4 NS 
#10 mintues 10 22 «0-001 
Appar core at one minute (n=84): 
x5 34 32 «0-05 
5 14 4 NS 
Apgar score at five minutes (n=84) 
<5 9 22 <0-001 
>5 39 14 NS 
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between low birth weight and poor outcome did not 
reach significance. Not surpnsingly low Apgar 
scores at one minute (p<0-05) and 5 minutes 
(p<0-001) and the need for intubation for longer 
than 10 minutes at birth. (p« 0-001), were signifi- 
cantly associated with a poor outcome, but the age 
of occurrence of seizures was not. In 66 infants the 
method of feeding at 1 and 2 weeks of age was docu- 
mented; all infants who were satisfactorily feeding 
orally at 1 week were normal, and all those requiring 
tube feeding at day 14 were abnormal (p<0-001). 

Of the 89 infants who had seizures 15 died (1876), 
21 survived but with handicaps (24% ), and five were 
lost to follow up (all five were in the group who had 
rapidly returned to normal within the first week, 
four of whom have also been normal at six weeks, 
one did not attend). About a third of the surviving 
infants were handicapped. 

There were significant differences among the 
rates of seizures among the three hospitals (table 4), 
as well as 1n the proportion of infants of 42 weeks’ 
gestation or more 1n the seizure group (0 to 60%). 
This may reflect differences in the populations but 
must also reflect different management policies. The 
suggestion finds some support in the significant 
differences among the three hospitals in the number 
of caesarean sections performed (p<0-001), the 
number of induced labours (p«0-001), and the 
number of forceps deliveries (p<0-001). Among the 
infants born at more than 41 weeks' gestation who 
developed seizures (n=24), seven (29%) had a poor 
outcome compared with 29 of 65 infants born at 
term (45%); this was not significant. 


Discussion 


Developments ın perinatal medicine over the past 
decade have largely concerned the prevention of 
perinatal asphyxia and the more rigorous assessment 
of the association between preventable asphyxia and 
the incidence of long term brain damage—for 
example, cerebral palsy.? * Given that many of our 
assumptions regarding the causes of cerebral palsy, 
mental retardation, and epilepsy are based on 
outdated knowledge! and that there are many 
different definitions of perinatal asphyxia in current 


use, 1t 1s not surprising that confusion exists about 
the perinatal prevention of handicap. In addition, 
the introduction and widespread use of continuous 
fetal heart rate monitoring 1n labour has been justi- 
fied by claims that it halves perinatal ‘morbidity’’ 
despite the fact that we have no reliable estimate of 
how many complications originate in the perinatal 
period nor how many are really preventable. 

Of the various definitions of intrapartum asphyxia 
currently used including abnormalities of the fetal 
heart rate, low fetal scalp blood pH, and meconium 
staining of the amniotic fluid, not only are none 
strongly predictive of the condition of the baby at 
birth but their association with long term outcome is 
unknown.? ? *? Of the various methods of defining 
‘poor condition at birth’ (birth asphyxia), both a low 
Apgar score and the need for intubation (but not 
acid base measurement) have been shown to be only 
weakly predictive of long term handicap.!9 1^ 

The randomised controlled trial of intrapartum 
fetal heart rate monitoring carried out in Dublin? 
was the first clinical study large enough to allow 
assessment of the validity of these various indices of 
perinatal asphyxia. This study strongly supported 
the hypothesis that neonatal seizures within 48 hours 
of delivery reflect intrapartum asphyxia. There were 
no significant differences between the monitored 
and unmonitored groups for abnormal neurological 
signs (other than seizures) in the neonatal period, 
low Apgar score, low pH in the umbilical vein, 
apnoea at birth, or endotracheal intubation. Dennis 
and Chalmers? proposed that the early (within 48 
hours) rate of seizures in infants born at term would 
provide a sensitive indicator of the quality of 
obstetric care, and the Dublin study of monitoring 
seems to support this. In addition, the fact that the 
incidence of seizures in the three hospitals in the 
present study were significantly different (0-55, 
0-91, and 1-2/1000 babies bom alive at term, 
respectively, p<0-05) supports the hypothesis that 
asphyxial seizures are at least partially preventable. 

The rate of seizures in the present study of 
0-87/1000 babies born alive at term (43% having a 
poor outcome) compares favourably with other 
similar studies. Levene et al reported a poor out- 
come (1/1000 live births at term’) among 


Table 4 Incidence of seizures and obstetric interventions in the three hospitals January 1980-December 1984 


Hospital A 
Incidence of seizures/1000 live births 0-55 
Percentage of induced labours 22.4 
Percentage of forceps delivenes 68 
Percentage of caesarean sections 78 


Hospual B Hospital C p Value 
091 12 «0-05 
10 0 97 <0-001 
6-3 161 <0 001 
52 86 «0 001 


The p values refer to significant differences in. group rates for each vanable 
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aspEyxiated infants delivered in Leicester from 1980 
tc .984 and rates o? ‘moderate’ and ‘severe’ 
postasphyxial encephalcrath~ of 1-15 end 1-0/1000 
babres tcrn alive at tezm, respectively. All the 
fcrmer and many of tn» letter grou would be 
expectec to have neonazal seizures trough some 
woud be ‘subtle seizvrez'. Leveno et al? reported a 
rate of szzzures of 1/100) live births we ghing more 
thar 250) g. and used tis ‘low’ rate as one of the 
maim juscifications of a rete cf caesarean section of 
1&%. The present study -rcluded five infants born at 
term weizning less then 2500 g, and excladed a simi- 
laz rumter of infants wEc had seizures but weighed 
more than 2500 g anc were born prematurely. 
MacDonald et aP showed thet 93% o£ infants of 
more tran 28 weeks gestation wko develop 
asphyxia seizures do so Aithia 48 hours of delivery. 
That one hospital in this szudy ^ac a rate of seizures 
of 0-55/1)00 babies born zlive at term wth a rate of 
caesarean section of 3% meens that prevention of 
in-repartim asphyxi& does not depend on the 
numer of caesarean se-rionz. This hospital had a 
hizh rate of induction of labour (22%) directed at 
preventicen cf prolonged 2reznancy, anid used con- 
tinuous monitoring of the fetzl heart rate in 33% of 
labours 12 pregnancies at term. This rais2s the ques- 
ticn of whether continuous monitoring df the fetal 
hear- rate prevents asphrvial damage Ir the trial of 
inrapartim monitoring a significant reduction in 
asohyxial seizures occurred ia the group that was 
mon tored, though this 2ifec- was confned to the 
15% of :abcurs that lasted more than five hours. 
Length cf labour was nat included in -he present 
stud" as it was felt that the retrospective-assessment 
of oaset anc duration cf labour was irsufficiently 
accu-ate. 

In infants born at term asohyxial se.zures have 
been shown to reflect pr2vemtable obstetrical intra- 
partum asphyxia in a prcspective randomised trial.” 
The resent study confirxs the association between 
asohyxial seizures and poor outcome (4-76) and we 
are row able to counsel parents on the lixelihood of 
hancicap using the irfamt’s reurologicd state and 
the ability to feed normally as guides. 

Asphyczial seizures shcadd te identified as well as 
asjhyxial deaths (before and during labour, and in 
the reonatal period) in al maternity urits because 


they are a sensitive indicator of the value, or 
othe^wise, of perinatal intervention. 


We thenk the Masters of the three hospitals, Dr J Drumm, Dr G 
Henry, and Dr J Stronge for their help, and Miss Audrey Dixon 
for tyzing the manuscript. 
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Neurodevelopmental outcome of babies weighing less 
than 2001 g at birth: influence of perinatal transfer 
and mechanical ventilation | 


N MARLOW AND M L CHISWICK 
Neonatal Medical Unit, North Western Regional Perinatal Centre, St Mary's Hospital, Manchester 
à 


SUMMARY From 1976 to 1980, 1034 children who had weighed less than 2001 g at birth were 
cared for at the North Western regional neonatal intensive care unit. Of these, 315 babies were 
neonatal referrals and 91 were born in the unit after antenatal transfer from their district hospital. 
Significantly fewer of the babies referred as neonates survived (n=167, 53%) compared with 67 
of the antenatal referrals (74%), and 490 of those born in the unit (78%). They also had a higher 
incidence of major handicaps (24 of 167, 14%) compared with six of 67 (9%) of the antenatal 
referrals and 35 of 490 (7%) of those born in the unit. To control for selection bias among 
neonatal referrals, the outcome of ventilated neonatal referrals was compared with that of 
ventilated babies born in the unit. The two groups were comparable for the incidence of a wide 
range of neonatal complications. No differences in rates of survival or handicap were found. We 
conclude that sick babies transferred after birth to regional neonatal intensive care units have 


similar short and long term outcomes to sick babies born in regional units. 


From 1976-80 this hospital was the sole referral cen- 
tre for intensive care of newborn infants in the 
North Western region. At its inception the neonatal 
referral service was directed towards the transport 
of babies deemed to require mechanical ventilation. 
During the same period an antenatal referral service 
evolved for the transfer of mothers with high risk 
pregnancies in which the need for neonatal intensive 
care was anticipated. In this paper we report the 
mortality and long term neurodevelopmental mor- 
bidity of low birthweight babies transferred in the 
perinatal] period to our hospital, and relate these 
outcomes to the need for ventilatory support. 


Patients and methods 


We studied 1034 infants who were born alive 
weighing 2000 g or less between 1 January 1976 and 
31 December 1980 who were cared for on the 
neonatal medical unit at this hospital Mortality and 
neurodevelopmental outcome were analysed for 
three groups: babies who were referred as neonates 
(n=315), antenatal referrals (n=91), and babies 
who were born to mothers who booked for delivery 
at this hospital (n—628). The 'ventilated' subgroup 
comprised 386 babies who received more than four 


hours mechanical ventilation through an endo- 
tracheal tube. 


NEONATAL REFERRALS 
The organisation of the neonatal referral service in 
the North Western region has been described 
previously.! Babies were transferred from 18 special 
care units (16 within the region). The median 
distance was 10-9 miles (range 2-100) and the 
median age at referral was 8-7 hours. Two hundred 
and eighty babies (89%) were referred within the 
first 48 hours and three (196) after the 28th day. A 
primary respiratory illness was the reason for 
referral in 300 (95%) cases, prematurity alone being 
the indication in only two cases. No important 
complications developed during any of the journeys. 
Details of each child's condition on arrival at the 
referring unit were recorded in 303 (96%) cases. 
Two hundred and two (67%) were judged to be in 
a stable condition. In the others the problems 
encountered were: central cyanosis (n=47), cy- 
anosis and gasping (n=16), peripheral circulatory 
failure (n=31), untreated or madequately drained 
pneumothorax (n=7), hypoglycaemia (blood glu- 
cose «1-5 mmol/l; n=11), and hypothermia (rectal 
temperature <34°C; n=27) Only 20 infants were 
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brezthing ar spontaneously. Of the remainder, 149 
were benz given oxygen dy headbox, 12 (496) were 
rece: ving continuous Dosittv2 airways pressure 
ventilation and 117 (3776) were receiving inter- 
mutt»nt positive pressure ventilation, including 47 
(15%) who were being Rand ventiiated. Thirteen 
chilcren sere being managed unconzentionally. 
Durmg t-ensfer 212 rece. ved recharica ventilation 
through an endotracheal tu»e, 41 received con- 
tinuous rcsitive airways 2cessare venzilacion by face 
masE, and 52 were breathing oxygen spentaneously 
bv beadbox. 


ANTENATAL BEFERRALS 

One hurdred and twelv2 pregnancies (126 unborn 
babies) were transferred during :he stady period 
One infa1- was born dur rg tte ambularce journey, 
two vere stillborn at this hospital, and four mothers 
were later -eturned to them referring units for 
delivery Tairty infants weighed more than 2000 g at 
birth anc are not considerec further. 

Tre mam indications scr artenztal rezerral were: 
pre-eclampsia (25%), premzture ruptire of the 
mermbrares or preterm -abour (49%), intrauterine 
growth retardation (1875), and Rh haemolytic 
disecse 113%). No influence on survival was 
abse-ved vken individua. indications sor transfer 
were cors dered. The median interval from ante- 
ratal tranxer to delivery was 10-5 days Three 
babies dec in the delrmery unit of extreme pre- 
maturity. Eighteen babis: (2)%) did rot develop 
any neomec-al complicat cns and migh therefore 
have bee1 deemed unnecessary antenatal referrals. 


Metlods 


Sever humcred and twerty fcur tabies (70%) sur- 
vivec to te J'scharged heme. Follcw ap formation 
was abtamzd for 674 (93%) at à median range) Age 
Of 3 years 3 months (2 vears-6 years 2 months), 
including 20 children wh3 subsequently died. Four 
further child-en died from acate neona al illnesses 
afier returt to their refering units but before they 


Table 1 Swerival by birth veigar 1976-80 

Bath weight 

20-1230 g 

Wo No (%} of 

SHP “IVOHS 

Neonstal refe-rals = 49( -7) 
Anicratal re cr-als 2a 18( ^6) 
Born in hcspaal 25 58(-0) 


"p<0-12. and tp<0 001 compard with nzonatal referrals 


could be discharged home. These have been classi- 
fied as deaths before discharge. The details of 
follow ap have been described previously ^ Of the 
survivors, 570 were examined and completed a 
psychometric test (NM), and information was 
abstracted from hospital or community follow up 
records for 56 other children. The parents of an 
additional 28 children who lived outside the north 
west replied in answer to a questionnaire that the 
children had no neurological or development 
probiems. 

For the purposes of this study we classified out- 
come into two groups: major neurodevelopmental 
handicap and normal. A major neurodevelopmental 
handicap comprised any of the following disabilities: 
cerebral palsy, developmental retardation (Griffiths 
quotient (GQ) or Wechsler intelligence quotient 
(IQ) of less than 70), blindness or deafness sufficient 
to warrant special schooling, and hydrocephalus 

The ages at follow up were calculated from the 
expected date of delivery. The significances of 
various comparisons were tested using the y? test or 
the Mann-Whitney U test, as appropriate. 


Results 


PERINATAL TRANSFER AND OUTCOME 

The proportion of babies surviving to be discharged 
home tn the three study groups is shown in table 1. 
Among those with birth weights of 1251-2000 g, the 
survival 1ates in antenatal referrals and those babies 
born in this hospital were similar (83% and 88%, 
respectively), whereas neonatal referrals had a signi- 
ficantly lower survival rate (65%). In contrast, 
among babies weighing 500-1250 g, the survival 
rates of neonatal referrals and babies born in this 
hospital were similar (37% and 40%, respectively), 
and the differences in survival among the three 
groups were not significant. 

Sixty five survivors (9%) had a major handicap. 
The incidence of handicap in the neonatal referrals 
(14%) was greater than that in babies born in this 
hospital (7-196; p« 0-001), and this difference was 





1251-2000 g Total No «2000 g 

No No (96) of No No (*6) of ` 
survivors SL VIVOLY 

182 18(65) 315 167(53) 

59 49(R3y 91 67(074) 

483 432(89)t 628 490(78)t 
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seen among those with birth weights of 1251-2000 g 
(p« 0-01) but not at 501-1250 g (NS) In contrast, in 
each birthweight group the incidence of handicap in 
antenatal referrals was similar to that among babies 
born in this hospital (table 2). Neither differences in 
survival nor in the incidence of handicap varied sig- 
nificantly when allowance was made for congenital 
abnormalities. 

The incidence of individual major disabilities 1s 
shown in table 3. This table excludes 10 children 
whose handicaps were due to major congenital 
abnormalities described previously.” Cerebral palsy 
and developmental delay (GQ or IQ «71) were the 
commonest disabilities in all three groups. None of 
the six survivors with major handicap who had been 
referred antenatally were either deaf or blind. Deaf- 
ness was found in a quarter of the handicapped sur- 
vivors who had been referred as neonates compared 
with only 4% of handicapped survivors born in this 
hospital (p<0-04) Blindness was found in between 
13 and 16% of the survivors in these two groups 
There were no significant differences in the 
incidences of cerebral palsy, developmental delay, 
or hydrocephalus among the three groups, each of 


Table 2 Incidence of major handicap among suivivors 


Buth weight 


500-1250 g 
No No (%) 
with major 
handicap 
Nconatal referrals 49 12(25) 
Antenatal referrals 18 3(17) 
Born in hospital 58 11(19) 


*p<0 01. and tp<0 001 compared with nconatal referrals 


which also had a similar mean number of disabilities/ 
handicapped survivor, implying a similar degree of 
handicap in each group. 


EFFECT OF MECHANICAL VENTILATION ON SURVIVAL 
AND HANDICAP 
Mechanical ventilation exerted a major influence on 
outcome. Babies who were ventilated had a signifi- 
cantly lower survival rate and a higher incidence of 
handicap among survivors compared with the babies 
who were not ventilated (40% compared with 
96-896, and 18% compared with 4-776, respec- 
tively). In addition, major differences between the 
study groups in their need for mechanical ventilation 
were found A significantly higher proportion of 
neonatal referrals were ventilated (77%) than ante- 
natal referrals (3796, p<0-001) or babies born in this 
hospital (2496; p« 0-001) To what extent does the 
need for ventilation account for the differences in 
outcome between the neonatal referrals and the 
others? 

Because only a small number of babies received 
ventilation after antenatal transfer (n=34) these 
were included with the babies born in this hospital 





Table 3 The incidence of individual disabilities in children with major handicaps 


Antenatal referrals 


(n=6) 
No (%) 
Disability 
Cerebral palsy 4(67) 
GO or IQ «50 2(33) 
51-70 3(50) 
Blindness 0 
Deafness 0 
Hydrocephalus 1(17) 
Mean number of 
disabilities/child 17 
Associated impairments 
Fits 2(33) 
Clumsiness 1(17) 


1251-2000 g Total No «2000 g 
No No (%) No No (96) 
with major with major 
handicap handicap 
118 12(10) 167 24(14) 
49 3(6) 67 6(9) 
432 24(6)* 490 35) 
Neonatal referrals Born m hospital Total 
(11=24) (n=25) (nz55) 
No (96) No (96) No (%) 
12(50) 15(60) 31(56) 
6(25) 5(20) 13(24) 
9(38) 7(28) 19(34) 
3(12) 4(16) 7(13) 
6(25) 1(4) 713) 
5(21) 2(8) 8(14) 
17 14 15 
4(17) 6(24) 12(22) 


&11) 
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for further analysis. In zcdition, we haze excluded 
chilcren whose death (3—3€) or majcr handicap 
(nz .0) were directly atznbutable to a major con- 
genial a»aormality, anc those babies korn in this 
hospital who were not edm-tted to tre neonatal 
med-cai unit but died on she delivery suite (n= 13). 
All »ut sae of the exdusions were born in this 
hospita.. 

Fer ventilated babies within sach birthweight 
category no differences r su-vivzl or imcidence of 
handicap were found between th» ventilated neo- 
nztal referrals and babies born tn tais hospital (table 
4). Babies »omn in this hospital whc requi-ed ventila- 
tion were more likely tc have had a lower Apgar 


score at 1 minute (p«0-001), or to have received 
intubation in the delivery room (p<0-001) com- 
parec with ventilated neonatal referrals. Otherwise 
the imcidence of a wide range of neonatal illnesses 
was «milar between the two ventilated groups, who 
also received ventilation and oxygen treatment for a 
similer length of time (table 5). 

For babies who were not ventilated, within each 
birthweight category no differences in survival were 
founc between the neonatal referrals and babies 
born in this hospital. Among those of 1251-2000 g 
birthveight, however, more surviving neonatal 
referrals were handicapped (11% compared with 
3:44% p«0-05). In contrast, for birthweights 


T&ble 4 survival, and incidence of major hadiwap in survivors in babies who were ventilated and those who were not 


Burk weight 500-1250 - 


Birth weight 1251—2000 g 


Tora No No (©) of No (%) Total No No (%) of No (96) 
Survivors wich handicap. survivors with handicap 

Babies ventilatec. 

Neonatal -eferrals 103 30(29. 10433) 133 73{55) 7(10) 

Born in hospital 99 24(24. 8(33) 71 36(51) 4(11) 
Bazes no: veatilated: 

Neoaatzl -eferrals 23 1X83. 2110) 46 45(98) S(11)* 

Borr. in hospital 6t Si(84. 4(8) 439 436(99) 15(3) 


*p<0 C5 compared with those bom in anit 


Table 5 Conmarison of frequency of perinacil events between thosz born in unit and neonatal referrals for babies who 


were verit atec and those vl o were not 





Venii'ate3 babies 





Neonatal referrals 


Born in. aospital 


Babies not ventilated 








Neonatal iejei ah Born m hospital 








(a--236) (nz:170) (n=69) (n:500) 
No (%) No (%) No (%) No ('&) 
Apgar sccrc <3 at ] minute 39(38) 97(57) 15(22) (23(25) 
at 5 minutes 27(11) 28(16) 2(3) 18(4) 
Intuba.ed ar del very 104 (44) 118(69)! = 17(25) 141(28) 
Infant respiratory distress 
synd-omrc 131(77) 120(70) 44(64) 38(8)71* 
Congenuitaà pneumonia 27(11) 21(12) 13(19) Zio) 
Early apnoca («72 hours) :9(81 10(6) 10(14) 27(5)** 
Late aonoes 34(14) 28(16) 16(23) 32(6)*** 
Preumothorax 96(41) 58(34) 2(3) 3(1) 
Patznt ductis arcertosus 36(15) 28(16) 812) 12(2)*** 
Chroni ling diszasc .4(6) 9(5) 1(1) Ü 
Early ensct 0? sepsis 56(24) 40(24) 18(26) Ai(sy'** 
Latz onset cf sc5sis 89(38) 58(34) 23(33) 74(15)** 
Frs zA(19) 35(15) 4(6) 122) 
Otker abnormal neurological 
Avmpioms 60(25) 52(30) 9(13) 25(5)* 
Mediar (ranac) duration of 
ventration. 21 days 1-52) 24 days :1—0) 
Mediar (rangc) duration of 
oxygen trcatment 54 days 1 150) 6 3 days 10-563)1 





*p—«(I02: ~to=<0-01; "*'ps«c8 001 t onz baby ventilated with ar for moca 
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500-1250 g similar proportions in each group sur- 
vived with handicaps (table 4). 

To necessitate neonatal transfer a baby must have 
developed a severe illness. Neonatal referrals who 
were not ventilated had high frequencies of adverse 
perinatal events compared with babies born ın this 
hospital who were not ventilated (table 5). This is 
reflected in the high incidence of later handicap in 
the referred group. 


Discussion 


Geographically based studies have shown that 
babies who are born and cared for in a perinatal 
intensive care centre have significantly higher sur- 
vival rates compared with babies who are born at 
district obstetric units, even if they are subsequently 
transferred.? * Our observation of a higher mortality 
and incidence of handicap among babies transferred 
in the neonatal period compared with antenatal 
referrals or babies born in this hospital is consistent 
with these findings. One further study observed that 
intraventricular haemorrhage was more common 
among neonatal transfers,” though more recent data 
suggest that this may not be so.° We have, however, 
taken the analysis further by examining specific sub- 
groups of the referred patients and those born in this 
hospital, according to whether or not they received 
mechanical ventilation. In addition, we used both 
survival and neurodevelopmental handicap as out- 
come measures, because the quality of survival is as 
important as survival itself. 

Babies who are transferred in the neonatal period 
are highly preselected by the exclusion of, firstly, 
those who die in the first few hours after birth; 
secondly, those who develop no postnatal complica- 
tion and, thirdly, by the exclusion of those preg- 
nancies in which preterm delivery is anticipated and 
transfer to the regional centre effected. Thus in the 
absence of a properly randomised, controlled trial it 
is difficult to assess objectively the additional risk to 
a small baby of delivery outside the regional centre 
and subsequent transfer when severe neonatal ill- 
ness occurs. The simple reporting of geographically 
based data (as has been advocated) will not answer 
this question. l 

When all babies were considered it was at first 
surpnsing that the differences in survival and 
handicap--between neonatal referral, antenatal 
referral, and those born in this hospital were least 
marked for those in the 500-1250 g birthweight 
group. The antenatal referral and born in this 
hospital groups, however, were biased in as much as 
they comprised both those babies who, being 
extremely small, died soon after birth in the delivery 
room, and those babies who developed no major 
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complications, thereby invalidating comparison with 
neonatal transfers. 

The comparison of ventilated babies in the group 
referred and those born in this hospital 1s a logical 
attempt to control for preselection. The outcome for 
ventilated infants was clearly worse than for those 
who did not need such support, and a much higher 
proportion of neonatal referrals required ventila- 
tion Even so, the ventilated babies born in this 
bospital had lower Apgar scores at 1 minute and a 
higher incidence of intubation in the delivery room 
than the neonatal referrals, 1mplying that they were 
in poorer condition at birth. None the less, in both 
ventilated groups the time course of the respiratory 
illness and the incidence of postnatal complications 
were remarkably similar, suggesting that the sever- 
ity of neonatal illness was similar. When the two 
ventilated groups were compared no differences in 
survival or incidence of major handicap were 
Observed. 

Surviving neonatal referrals who were not venti- 
lated had a higher incidence of handicap compared 
with babies born in this hospital and not ventilated. 
These neonatal referrals, however, are quite 
different from the other babies who were not venti- 
lated, as they suffered from a vanety of serious 
neonatal illnesses necessitating referral. These 
neonatal referrals had a much higher incidence of 
clinical risk factors compared with the group born in 
this hospital who were not ventilated (table 5), these 
being mostly healthy preterm babies. 

Babies born in this hospital who were not venti- 
lated and weighed 1251-2000 g formed the largest 
group in this study. Therefore, despite having the 
lowest handicap rate of any group discussed, in real 
terms they made a substantial contribution to 
handicap among infants weighing 2000 g or less, as 
they made up 27% of the handicapped children. 

The range of disabilities encountered among sur- 
vivors varied slightly between the groups, with the 
obvious exception that deafness was more common 
among survivors after neonatal transfer. The reason 
for this difference and its clinical significance are not 
clear. The cause of deafness among low birthweight 
survivors is uncertain and probably multifactorial.’ 
This disability has not been previously associated 
with neonatal transfer. 

Despite the striking similarities in both clinical 
course and outcome for the two groups of ventilated 
babies, however, the populations are still not identi- 
cal: transferred babies were in significantly better 
condition at birth (table 4). There remains the possi- 
bility that lung disease among neonatal transfers 
may have been worsened by suboptimal care before 
referral, as only 67% were judged to be rmm satisfac- 
tory condition when they arrived. This, together 
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with intLtation for trars'er, may have resulted in 
babiss receiving long term mechanical ventilation 
that would not have beer necessary had they been 
borr anc managed in tne regioral certre 
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Neonatal tumours: Glasgow 1955-86 


C F DAVIS, R CARACHI, AND D G YOUNG 


Department of Surgical Paediatrics, Royal Hospital for Sick. Children, Glasgow 


SUMMARY Fifty one neonatal tumours were diagnosed in Glasgow over a 32 year period. The 
most common tumours were teratomas (n=19), others being renal tumours (n=9), soft tissue 
sarcomas (n=8), neuroblastomas (n=7), and others (n=8). Of the total, 31% were malignant. 
Neonatal tumours pose difficult problems of management, and because of their comparative 
rarity and the great potential for cure we recommend that all centres dealing with such patients 
should contribute to and benefit from a Neonatal Tumour Registry. 


Tumours in neonates are rare; the incidence in the 
United States is 3-64/100 000 live births! and that in 
the United Kingdom is 1-70/100 000 * Tumours in 
children display many features that distinguish them 
from adult tumours. Neonatal tumours also form a 
characteristic group. Little ıs known about factors 
responsible for the development of tumours in this 
age group. Genetic factors have been shown to 
be important in the development of certain 
retinoblastomas? and a few tumours have been 
linked with chromosomal and congenital ab- 
normalities.” Lack of normal immune response by 
the fetus may be important.? Exposure to ionising 
radiation has long been recognised as a 
carcinogen,? but other environmental factors acting 
transplacentally probably also have an important 
role.' The aims of this study were to determine the 
categories of tumour seen in this age group, to 
determine the comparative incidence of each 
tumour, to assess the effectiveness of various 
treatments, and to see what lessons could be learned 
for the future 


Methods 


We reviewed all solid tumours occurring during the 
first 4 weeks of life that presented in Glasgow from 
1955 to 1986. Leukaemia and tumours of the central 
nervous system were not included in the study Fifty 
one neonates presented with solid tumours: 30 girls 
and 21 boys. For analysis the tumours were divided 
into the following categories: teratomas, neuro- 
blastomas, soft tissue sarcomas, tumours of the eye 
and orbit, hepatic tumours, and miscellaneous 
tumours as defined by the Childhood Cancer 
Research Group, Oxford. 


Results 


The results showed that 16 patients (31%) had 
malignant tumours and there were 34 survivors 
(67%). Table 1 shows the number of cases 
presenting over each time period during the study 
and the associated mortality. Table 2 shows the 
number of patients, those with malignant tumours, 


Table 1 Number of survivors and deaths in patents with 
neonatal tumours 1955-86 


No of No of Total 

survivors deaths No 
1955-60 2 2 
1961-65 5 4 9 
1966-70 2 3 5 
1971-75 0 1 1 
1976-80 8 4 12 
1981-86 17 5 22 

34 17 51 


Table2 Types of tumour and mortality in patients with 
neonatal tumours 1955-86 











Type of Total No (96) No (%) 
tumour No malignant of deaths 
Teratoma 19 1 (5) 4 (21) 
Neuroblastoma 7 7 (100) 4 (57) 
Soft tsue sarcoma 8 4 (50) 4 (50) 
Renal tumours 9 0 2 (22) 
Tumours of eye and 
orbit 4 3 (75) 0 

Hepatic tumours 3 0 2 (67) 
Squamous carcinoma 1 i (100) 1 (100) 
Total 51 16 (31) 17 (33) 
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and the associated mortality in each group. Forty of 
the cases (78%) preserted zt birth, three (6%) 
Curirg tte frst week, two (1%) each during the 
second and third weeks, and tur (876) during the 
fourth week of life. 


TERACOMAS 

Eigh-een of the teratomes were sacrococcygeal and 
one retrcpentoneal. Of the sacrocaccgeal tera- 
tomas, 15 occurred in gis. aIl] excep the most 
recert (which was diagnosed by preratal ultra- 
sound) were diagnosed at oœ soon after birth. 
Ten were pcstcoccygeal. seven both precoccygeal 
aad postcozcvgea., and one was pelvic. The patient 
with a malignant sacroccccygeul t2ratoma was the 
only one wh» had a rased p asma a -etoprotein 
concentration. Of the 1&, 15 (£325) survived; two 
d:ed from  septicaemiz, ard one from an 
intraventricular haemorrasge. 

One patient had a retroperroneal teratoma 
preseiting with an abdceminel mass. Fistological 
exam natio3 at the initial resection shoved benign 
tissue, bu: after a series cf re-exploratiors over the 
next two years the palient died of metastatic 
carciromz aged 3 years. 


NEUROBLASTOMAS 

Sever patients had neurotlastocmas Two were stage 
I, three were stage [Vs, ard two were stage IV. One 
localised suprarenal neuroblestome = mm in 
diameter was noted incidenta 7 at necsopsy in a 
neonete with spina bifida and hydrocepaalus who 
died of meningitis; the other su-vived after excision 
of zhe tumour. Operation in the stage -Vs group was 
limited tc diagnostic bicpsy zud, in one patient 
removal o£ :he primary su»:arer al tumou-. All were 
given cytotoxic drugs, though fo- one thi: consisted 
of vitamin 3,5 alone, whia was fashionzble at the 
tire. The on.y death in <his gcoup was caused by 
cytotcxicity, treatment having zeen instigated in an 
attemot tc decrease tumcur b. that was causing 
respirator* distress. Both patiznts with stage IV 
disease died without recerving —efinitive reatment. 


RENAL TUMOURS 

All nine patients with renal turiours presented with 
abdominal masses, and all :3e tumcurs were 
mesoLblastac nephromas. OZ the sever. pa rents who 
presemted before 1967, the initial histological 
diagnosis was known in three. 41] were reported as 
maligmant. and one received exinomycia D. Two 
patierts d ed of early postopesztive zorplications 
(bcth in the 1960s) inchiding the paient who 
received perioperative cazmctherap;. Richmond 
and Dougall have previdasly reported the other 
four cases, all of whom were treated >y simple 


excision of the tumour and all of whom survived. 
Our increased knowledge of the pathogenesis of 
renal tumours presenting in the neonatal period has 
resulted in the more recent patients being treated 
more conservatively, that is, by operation alone. 


SOFT TISSUE SARCOMAS 
There were three rhabdomyosarcomas; the first 
rapidly deteriorated after birth and at necropsy an 
extensive rhabdomyosarcoma of the bladder was 
found. The second patient, whose mother was 
being treated with warfarin during her pregnancy, 
presented with what was thought to be a haematoma 
of the thigh. Confirmation of the diagnosis of 
rhabdomyosarcoma was obtained by xenografting a 
portion of the tumour, and subsequently examining 
it by electron microscopy. Despite aggressive 
treatment with cytotoxic drugs and operation the 
child died of metastates. The third patient, who 
presented with rhabdomyosarcoma of the lower 
limb, survived after simple excision of the tumour. 
The five mesenchymal tumours were a 
heterogeneous group, and their management and 
outcome depended on the site and histological 
nature of the lesion. One patient presented with a 
left haemothorax caused by a spindle cell sarcoma in 
the left lower lobe of her lung. This was successfully 
resected and then irradiated. Although she made an 
excellent recovery, she presented six months later 
with overwhelming pneumococcal pneumonia and 
pneumococcal meningitis This was presumably 
a result of depressed splenic function after 
radiotherapy in the earlier years of this review, 
when this msk was not appreciated Other lesions 
included a mesenchymal tumour of small bowel, a 
benign osteocartilaginous mesenchymoma of the 
chest wall, and a haemangioendothelioma of thigh, 
all of which were successfully treated by resection 
alone. One patient presented with congenital 
neurofibromatosis and died of complications of 
compression by the tumour mass at the level of the 
thoracic inlet. 


HEPATIC TUMOURS 

Three patients presented with hepatic tumours, and 
they illustrate the problems associated with major 
operation in this group of patients. Two had 
resection of haemangicendotheliomas, but both 
died at early postoperative complications. More 
recently we have operated on a mesenchymal 
hamartoma (a less vascular lesion) with a successful 
outcome, and no residual tumour was found on 
follow-up examination. 


TUMOURS OF THE EYE AND ORBIT 
Three patients presented with. retinoblastomas; two 


of these were bilateral and both had strong family 
histories. All three were treated with a combination 
of operation, radiotherapy, and photocoagulation, 
and all survived. A benign orbital teratoma was 
successfully treated by enucleation alone. 


SQUAMOUS CARCINOMA 
A metastasising squamous carcinoma presenting as 
a mass over the frontal region at birth. The baby 
rapidly succumbed without treatment. 


Discussion 


When analysing the data we must consider the 
factors that influence both complications and 
survival. Complications fall into several categories 
Firstly, the tumour can cause complications by local 
mechanical restriction of vital functions, or by 
metastatic disease. Each type of treatment is 
associated with particular complications. Operations 
may be complicated by haemorrhage, the necessity 
for organ resection incompatible with existence, and 
depression. of the immune response. Neonatal 
tissues have an increased susceptibility to 10nising 
radiation (especially brain, bone, lung, kidney, 
liver, and spleen) and irradiation can cause 
depression of the immune response. Neonates are 
particularly sensitive to cytotoxic drugs, and these 
also depress the immune response. This series 
illustrates complications in all the above categones. 
Campbell et al? in a review of 102 malignant 
neonatal tumours also emphasised the difficulties 
in their management, but confirmed the great 
potential for cure in this group 

Tumour markers are important in the diagnosis 
and follow up of patients with solid tumours. The 
biological markers of clinical value include the 
tumour associated oncofetal antigen, a fetoprotein, 
which is useful in hepatic tumours (hepato- 
blastoma), teratomas, and germ cell tumours I! The 
products of tumour or host metabolism may 
also be useful as tumour markers—for example 
vanillymandelic acid and hydroxymethylmandelic 
acid, which are produced by 90% of neuroblastomas. 
Inappropriate hormones may be produced, inclu- 
ding vasoactive intestinal peptide ın some neural 
crest tumours, and inactive renin in renal tumours of 
childhood.'* Useful enzymes include neurone 
specific enolase, which is a tumour marker 1n neural 
crest tumours. Monoclonal membrane markers are 
as helpful in diagnosing T and B cell lymphomas as 
they are in neural crest tumours. Tumour markers 
-will have an increasingly 1mportant role 1n diagnosis 
and monitoring of response to treatment in this 
difficult group of patients in the future. 

Histological grade is an important indicator of 
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tumour behaviour.” Soft tissue sarcomas, renal 
tumours, and neuroblastomas may be divided 
mto groups with favourable or unfavourable 
prognoses.'? !* The descnption of the mesoblastic 
nephroma by Bolande et al in 1967 revolutionised 
attitudes towards renal tumours in neonates." It is 
now thought that half of presumed nephroblastomas 
in infants under 1 year of age are mesoblastic 
nephromas. 

The importance of this review is to identify factors 
that could help improve survival rates for neonates 
who will present with tumours in the future. To 
achieve this, a knowledge of the natural history of 
histologically diagnosed tumours is vital. Examples 
include the excellent results achieved with con- 
servative management of congenital mesoblastic 
nephromas'? and stage IVs neuroblastomas.? Early 
operation is often the treatment of choice, and 
intensive supportive care is essential. The lower 
mortality seen over recent years (table 1) is probably 
a reflection of improved facilities for intensive care 
combined with a better understanding of tumour 
behaviour and knowing when to take a more 
aggressive approach. Some neonatal tumours in 
Glasgow, particularly in the early years of the study, 
have been missed as methods of record keeping 
have changed; recent figures are, however, more 
complete. A neonatal tumour registry would greatly 
improve documentation of these tumours. The 
overall survival in this study of 67% indicates that 
these tumours have great potential for cure and 
deserve to be treated actively in a coordinated way. 
An enthusiastically supported neonatal tumour 
registry would greatly assist dissemination of 
information on methods of treatment and outcome 
in these uncommon tumours. A neonatal tumour 
registry would also allow for surveillance of in- 
tellectual development, growth, reproduction, 
detection of second tumours, and identification of 
families at risk. 
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SUMMARY Children with ataxia telangiectasia have 
a high probability of developing acute lymphoblastic 
leukaemia, and have increased sensitivity to chemo- 
therapy and irradiation. We report a 5 year old 
boy who had undiagnosed ataxia telangiectasia 
when he presented with acute lymphoblastic 
leukaemia. He subsequently developed a chemo- 
radiation induced leukoencephalopathy after con- 
ventional central nervous system prophylaxis. 


In ataxia telangiectasia there is a high incidence of 
neoplasia and an increased sensitivity both to 
radiation and to chemotherapeutic agents. We pre- 
sent a case report of a boy with undiagnosed ataxia 
telangiectasia who developed an acute leuko- 
encephalopathy after prophylactic cranial irradiation 
and intrathecal methotrexate for acute lymphoblastic 
leukaemia. 


Case report 


A 4% year old boy initially presented with clumsy 
gait. His gestation, delivery, and early development 
were normal. From 2 years his speech was noted to 
be poorly formed, he dribbled constantly, and his 
gait was unsteady On examination he had mildly 
dysarthric speech and his gait was clumsy but there 
were no signs of ataxia, oculomotor apraxia, 
nystagmus, or telangiectasia. Muscle tone and power 
were normal, his reflexes were brisk, but his plantar 
responses were flexor. A provisional diagnosis of 
mild cerebral palsy was made. 

One year later he represented with acute lympho- 
blastic leukaemia Treatment following the UKALL 
VIII ‘A’ protocol was given. This included prophy- 
lactic cranial irradiation of 1800 rads given in 10 
fractions and six intrathecal injections of 12 mg of 
methotrexate. Persistently low white cell counts and 


anaemia during maintenance treatment led to 
chemotherapy being withheld for a total of 16 weeks 
and a dose reduction to 75% of that appropriate for 
his surface area for the remainder. During this time 
there began a subacute deterioration in his neuro- 
logical condition. There was an appreciable deterior- 
ation in his higher mental functions. He had 
choreiform movements of his face and upper limbs, 
a positive glabellar tap sign, moderate ataxia and 
dyspraxia of gait, and signs of a spastic tetraparesis. 
A computed tomogram showed extensive areas of 
very low attenuation of the white matter in both 
cerebral hemispheres with several areas of dense 
calcification. 

A full blood count was normal; bone marrow 
aspiration showed no evidence of a recurrence of the 
leukaemia. In the cerebrospinal fluid the concentra- 
tions of protein and glucose were normal and there 
were no leukaemic cells. Tests of liver function, and 
the concentrations of serum copper, caeruloplasmin, 
and lysosomal enzymes were within normal limits. 
Early morning plasma cortisol concentrations were 
low (120 pmol/l; normal range 145-610 pmol/l), 
however, a tetracosactrin test was normal. Pen- 
pheral nerve conduction studies and a nerve biopsy 
specimen were normal. Viral titres were negative as 
were cultures of cerebrospinal fluid, blood, and 
urine. The neurological deterioration continued and 
a brain biopsy was performed. Histological examina- 
tion showed features diagnostic of a chemoradiation 
induced leukoencephalopathy. 

In view of these findings a diagnosis of ataxia 
telangiectasia was considered. A chromosomal 
analysis showed a generally normal 46 XY karyotype 
but two cells had a translocation of parts of 
chromosomes 14 and 15. Cultured blood cells 
showed an increased sensitivity to radiation when 
compared with a control, the serum a-fetoprotein 
concentration was >246 ug/l and the concentration : 
of IgG was 0-65 g/l, IgA was 0-90 g/l, and IgM was 
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1-07 g/l (al within the ncrmal range); Ig=, however, 
was very low at 0-4 ug/rl. Ike diagnosis of ataxia 
te:amgiectasta was further conzirmed when at the age 
of 8 years -onjuctival te engiectasia appeared. 


Discassion. 


Ataxia te angiectasia is an uncommon condition 
wizh an estimated frequercy of 1/40 000 live births. 
It is aucoscmal recessrve in inheritance and is 
characterised by a proz-esstve cerebellar ataxia, 
dystenia, cculomotor apraxia, ocubcutaneous 
telargieczesia, a predisposition to upper and lower 
respwato-y tract infecticus, and an incceased inci- 
dence of malignancy.! A-axia 1s virtually always the 
presenting symptom aad it typicall~ becomes 
apparent waen the child tegins to walk. The ataxia 
is, however, only slowly »-ogressive andthe normal 
Geve;oprremt of motor skills between the ages of 
2 end 5 rears may mask ts rrogressior. In conse- 
quence a3 mitial diagnosis of zerebral palsy is often 
made. Tre ocularcutancous telangiectasia usually 
appears .ate-, at between 3 end 6 yezrs. In our 
patient the presentation was mot typica, although 
none of the most specific keatures such as oculomotor 
apraxia, reso:ratory tract nfections, cr teangiectasia 
were: apparent at the age of 4 years. 

Children and adults with ataxia telangzectasia are 
known to bz at high risk of developing € malignant 
neop.asur Tae estimated inc-cence is between 10 
and 15% with lymphoret cular neoplasms and acute 
Ivmpaoblasac leukaemia predominating 1n patients 
aged less than 15 years." Chromosomal instability, 
particularly of chromosome 14, and pronounced 
chromoscmm: sensitivity to rediation ar accepted 
hallmarks cf ataxia telaiziec:asia cell ines.) The 
instability of chromosomes and the increased sensi- 
tivity to irradiation in atazra te'ang.ectasia may have 
important implications not only for the cetiology of 
the malignancies but zlso “or their treatment. 
Patients with the disease may rave an urexpectedly 
sever? reacion to radiat on and to chemotherapy. 
In childrer. and adults v:th Fymphoma who have 
been treated with standard radiotherapeutic proto- 
cols, it bas been reported that severe ulcerative 
dermatitis aid oesophagitis associatec with extensive 
deep tissue 1ecrosis, wick sorastimes cu: minates in 
fatal compl eztions, may ozzur ? ? Acu neurological 
deteroration after prophylactic cramial irradiation 
for acute Hraphoblastic le 1<aemia has been reported 
only once p-eviously.? In this paper the eutcome of 
19 children with ataxia :elangiectasia and acute 
lympaoblastic leukaemic was reviewed; central 


nervous system prophylaxis was given to five and 
acute neurological deterioration was reported in 
three. Of these one child had received cranial 
irradcation of 1200 rads, the second cranial irradiation 
of 18) rads and intrathecal methotrexate, and the 
third _ntrathecal methotrexate only. The two children 
who kad central nervous system prophylaxsis but no 
neurclogical detenoration died within three months 
of presentation; it is possible there was insufficient 
time for neurological deterioration to become 
apparent. No acute neurological deterioration was 
notec in the 14 children who did not have central 
nervcus system prophylaxis. 

Wereport this case to highlight both the difficulties 
of miking a diagnosis of ataxia telangiectasia in 
children aged less than 5 years, and the potentially 
harmcul effects in these children of standard chemo- 
thera2y and radiotherapy. Although ataxia telan- 
gilectesja is a rare disorder it must be expected to 
occur with a much higher frequency among children 
with kymphoreticular neoplasms and acute lympho- 
blastic leukaemia; it should therefore be considered 
if the child has a clumsy gait. If ataxia telangiectasia 
is confirmed the standard therapeutic dose of 
radiation should be reduced 1n those with lymphoma, 
and ir children with acute lymphoblastic leukaemia 
propirylactic cranial irradiation and intrathecal 
methctrexate should be either withheld or given in 
reduced dosages. 


We think Mrs Val Davidson for measurements of cellular 
sensitivty to radiation J A E is supported by the Wellcome 
Foundachon 
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SUMMARY Misoprostol, a synthetic prostaglandin 
that 1s known to reduce gastric acid production and 
stimulate duodenal bicarbonate production, was 
evaluated in 22 patients with cystic fibrosis. In those 
patients who had greater than 10% fat malabsorp- 
tion while taking pancrease the addition of mus- 
oprostol significantly reduced the degree of fat 
malabsorption. 


The duodenal intraluminal environment in patients 
with cystic fibrosis differs from normal in several 
ways. (1) The concentration of pancreatic enzymes 
is appreciably reduced, 1n about 8576 of patients, to 
such low levels that supplemental oral pancreatic 
enzymes are required to improve absorption of fat, 
protein, and carbohydrate.! (2) Bicarbonate de- 
ficiency, resulting also from pancreatic exocrine 
insufficiency, contributes to a duodenal pH lower 
than normal.? (3) Some patients may also have a 
hypersecretion of gastric acid.) Excessively acidic 
duodenal pH would be expected to interfere with 
pancreatic supplement treatment by two separate 
mechanisms. Firstly, pancreatic enzymes are rre- 
versibly degraded at a low pH—for example, lipase 
at pH «4.^ Secondly, most pancreatic enzyme 
preparations in current use are enteric coated to 
protect the enzymes against a low pH such as that 
found in the stomach. The enzymes are not released 
from these protective coatings, however, until the 
pH is 25-5. In an excessively acidic duodenum both 
these factors would lead to a reduction in the 
amount of enzyme available. Agents which either 
increase bicarbonate secretion into the duodenum, 
Or decrease gastric acid output, or both, would be 
expected to increase the amount of active enzyme 
available in the duodenum. This would be expected 
_to reduce the degree of malabsorption. 
Misoprostol is a synthetic prostaglandin of the 
PGE, class that is known to reduce directly gastric 
acid output and to stimulate bicarbonate secretion 
from the duodenal mucosa. This study was per- 
formed to see if the addition of misoprostol to 
routine pancreatic supplement treatment would 
improve absorption of ingested fat. 


Patients and methods 
Twenty two patients (18 boys, four girls) ranging in 


age from 1-5 to 10-5 years (mean 4-4) were studied. 
All patients had been diagnosed as having cystic 
fibrosis with a sweat chlonde concentration >60 
mmol/l by pilocarpine iontophoresis. Two patients 
were withdrawn from the study because of pro- 
tracted diarrhoea. We report the results of the 20 
patients who completed the study. 

The study consisted of two 14 day periods. During 
both periods subjects took their normal dose of 
pancrease. During one period misoprostol was 
added (100 ug every six hours). Subjects were 
randomised to take misoprostol during the first or 
second period. A three day faecal fat balance study 
was performed at the end of each 14 day period. 
Dietary recording was performed for four consecu- 
tive days and faecal collection was performed for the 
last three days of this period. Dietary fat input was 
calculated using the ‘Microdiet’ analysis program 
(Department of Mathematics and Statistics, Uni- 
versity of Salford, United Kingdom). Where neces- 
sary the program was altered to include Australian 
foodstuffs 

Faecal fat estimation was calculated using the acid 
titration method of van de Kramer ef al.* The 
percentage of dietary fat malabsorbed was calcu- 
lated by the equation: 


Three day fat excretion (g) 


S Fat malabonas Se 
eee 3 x Mean daily fat intake (g) 


Results 


Results for two patients were not calculated because 
of incomplete dietary recording. Grouped data 
showed a significant reduction in fat malabsorption. 
Examination of the results, however, showed that 
only subjects with >10% malabsorption while tak- 
ing pancrease (n—13) derived significant benefit 
from misoprostol. In this group, fat malabsorption 
fell from an average of 2296 while on pancrease to 
14% while on pancrease and misoprostol (p<0-002) 
(figure). Pancrease capsule intake did not vary 
significantly between the two 14 day periods (paired 
t test >0-05). Fat intake between the two study 
periods was significantly different (p<0-02) with the 
greater input being in the period when misoprostol 
was administered (77 g compared with 88 g). Six 
patients reported relief from chronic abdominal pain 
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while taking the misoprostol. These symptoms 
retarred in five of these patients several days after 
misoprostol was stopped zt tre end of zhe study. 


Discuzsion 


The results of the presert study have saown that 
misoprostol can further improve faz abso-ption in a 
group of patients with pe-sisteat fet malzbsorption 
desoit2 vencreatic supplements. In none of the 
patierts studied, however, did the fat malzbsorption 
returr ta normal. One possible explanation for this 
is tFatthe dose of misoprostol wes inadequate, there 
being 30 recommended paediatric dose of misopros- 
tol currently available. For *he »urpose of this study 
the lowest cose effective m recucing acid output in 


adults was used. It is also possible that this 
incomplete reversal of the fat malabsorption by 
misoprostol indicates that other factors in the small 
bowel are important in fat malabsorption in cystic 
fibrosis, such as biliary abnormalities and mucosal 
abnormalities of the small bowel. 

Misoprostol ts not appreciably absorbed from the 
gut and produces its actions by a direct effect on the 
bowel mucosa. Systemic side effects are therefore 
rare. The only side effects observed in the present 
study were of a local nature—for example, di- 
arrhoea. The current adult experience of misopros- 
tol has shown that a transient softening of bowel 
motions is sometimes seen on starting misoprostol 
(Searle, product information) The two patients who 
experienced noticeable softening of bowel motions 
experienced appreciable diarrhoea that did not 
subside after five days. These patients were with- 
drawn from the study and their diarrhoea subsided 
within 48 hours of stopping the misoprostol. 

The increased fat input observed during the 
period cf misoprostol administration may well re- 
flect an improvement in appetite in these patients, 
many of whom suffer decreased appetite due to 
chronic abdominal pain. The resolution of this pain, 
as observed in some patients in this present study, 
may be the explanation for the improved dietary 
input of fat. 

In summary this study has shown that the adminis- 
tration or misoprostol to patients with cystic fibrosis, 
who have residual fat malabsorption despite taking 
pancreat:c supplements, produces a significant im- 
provement in fat absorption. 


The authors acknowledge the support of Searle Laboratones who 
donated the misoprostol for this study, and Mrs B Crawford who 
performed the faecal fat analysis 
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Incidence of retinopathy of prematurity in New Zealand 


B A DARLOW 


Department of Paediatrics, Christchurch School of Medicine, Christchurch, New Zealand 


SUMMARY The incidence of retinopathy of pre- 
maturity has been prospectively assessed in very low 
birthweight infants born in one year in New Zealand. 
A total of 26 (11%) surviving infants with birth 
weight 1000-1499 g had acute retinopathy. Forty 
one (49%) surviving infants with birth weight 
500-999 g had acute retinopathy and of these six 
(7%) became bilaterally totally blind. 


It ıs clear that the incidence of retinopathy of 
prematurity has been increasing from the early 
1970s, apparently largely as a consequence of 
enhanced survival of very low birthweight infants 
(birth weight less than 1500 g) resulting from 
modern advances in neonatal intensive care.” While 
there have been several reports of the prevalence of 
retinopathy of prematurity in individual institutions 
and rather fewer cooperative studies involving 
several institutions, there have been very few 
regional or population based studies. In New 
Zealand there was no information on the annual 
incidence of acute retinopathy of prematurity or 
even blindness caused by it. There has, however, 
been considerable debate as to how far the disorder 
might be preventable and whether infants suffering 
from severe retinopathy of prematurity might 
qualify for compensation from the Accident Com- 
pensation Commission. 

The aims of the present study were to document 
all cases of retinopathy of prematurity occurring in 
very low birthweight infants born in New Zealand in 
1986 and to prospectively record data comprising 
180 items relating to perinatal and neonatal events. 
The preliminary results for the national incidence of 
acute retinopathy of prematurity and early severe 
visual impairment due to retinopathy of prematurity 
are reported. 


Methods 


Considerable planning was undertaken before start- 
ing the study on 1 January 1986: this involved 
discussions with neonatologists and paediatricians in 
all level III neonatal centres (five) and level II 
centres (17) in New Zealand. For every infant with a 
birth weight of less than 1500 g a standard record 
sheet was completed with details of maternal and 


birth history and neonatal course. All infants who 
survived long enough were to have indirect ophthal- 
moscopy initially at 6 to 9 weeks of age by an 
ophthalmologist skilled in the technique. The pro- 
tocol was fully discussed with ophthalmologists in 
the main centres before the study and a paper on 
examination technique, with emphasis on the need 
for adequate mydnasis and scleral indentation, 
circulated by a senior ophthalmological colleague in 
Christchurch .* Findings at indirect ophthalmoscopy 
were reported using the International Classification 
of Retinopathy of Prematurity.? If abnormalities 
were detected at the initial examination the infant 
was to have further review. If for any reason an 
infant did not have ophthalmic review at the 
appropriate time, late review was encouraged 

The study received approval from the ethical 
committee of the Canterbury Hospital Board and 
the support of the executive of the Paediatric 
Society of New Zealand. 


Results 


There were 411 infants with a birth weight 500-1499 g 
admitted to neonatal units throughout New Zealand 
in 1986. Seventy four infants died before discharge 
home giving a survival of 82% 

Of 279 hveborn infants with a birth weight 
1000-1499 g, 29 died giving a survival to discharge 
home of 90%. Of 132 liveborn infants with a birth 
weight 500-999 g, 45 died giving a survival to 
discharge home of 6675. 

Three hundred and thirteen (93%) of the 337 
surviving infants with birth weight 500-1499 g had 
examination by indirect ophthalmoscopy. Two hun- 
dred and twenty nine (92%) of the 250 surviving 
infants with birth weight 1000-1499 g and 84 (9795) 
of the 87 surviving infants with birth weight 500-999 g 
were examined. 

One hundred and forty one infants (4576) had 
indirect ophthalmoscopy from six to nine weeks 
after birth; 88 (6296) of this group had at least two 
examinations. In 68 infants (22%) a single examina- 
tion was carried out at 5 weeks of age or earlier but 
in 24 of these infants this examination was at 35 
weeks or more from conception. In 104 infants 
(33%) the first examination was at 10 weeks of age 
or more but in 36 of these infants this examination 
was earlier than 42 weeks’ postconception. Thus 201 
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infants (€4%) had an exammation at a time most 
cptamal to detect acute retinopathy of »rematurity. 
Additionally in 10% of exammations it vas recorded 
that one or other retira had not beer fully seen, 
usually the extreme ter pora. periphery. 

Sxty seven (21%) infants with birth weight 
500-1499 g who had an ophthalmic review had acute 
retinopathy of prematurity and six (2%) became 
bilacerally totally blind Twenty six (11%) infants 
witl birth weight 1000-1499 = who had an ophthal- 
mic review had acute retincpathy of orematurity. 
Fory one (4996) infants with birth weigat 500—999 g 
whc had an ophthalmic review had acute retino- 


pathy of prematurity and six (7%) became bilaterally 
totally blind. 

Changes of acute retinopathy of prematurity were 
observed in 29 (64%) of the 45 infants with gestation 
of 24-26 weeks, 31 (21%) of the 140 infants with 
gestation of 27 to 29 weeks, and seven (6%) of the 
128 infants with gestation of 30 weeks or more. 

Details of the stage of retinopathy of prematurity 
and gestational age and birth weight are given in 
tables 1 and 2. Nearly three quarters of the infants 
with a birth weight less than 1000 g with retinopathy 
of prematurity had mild stage 1 or 2 disease and only 
one surviving infant with birth weight 1000-1499 g 


Tabe 1 Retinopathy of prematurity in vey low birthweight infans in New Zealand in. 1986 and gestation 


Gestation No V5 (X) of No ef infants Retinopathy of prematurity stage* Total No No 
(veexs) of LVIVI? havirg ————— ———— (%) with (%) 
infants ophialmic 1 2 3 4 retinopathy of blind 
examination prematunty 
24 9 2 (22) 2 1 1 — — 2 (100) — 
25 27 wb (59) 16 5 5 — 3 13 (81) 3 (19) 
25 43 zB (65) 27 2 6t 4 2 14 (52) 2 (7) 
27 47 26 (7T) 35 3 3t 1 1 13 (37) 1 (3) 
23 63 c] (G5) 44 7 2 —t — 9 (20) — 
23 7 €5 (€2) 61 3 6 — — 9 (15) — 
3) 60 54 (0) 31 2 0 i — 3 (6) — 
31 31 z (t7) 28 2 1 — — 3 (1L) — 
32 25 z4 (C6) 22 l — — — 1 (5) — 
33-35 35 25 (100) 27 D — — — — — 
Tota. 411 227 (RC) 313 31 24 6 6 67 (21) 6 (2) 


“If asymmetrical disease was presert the stage O the most severely affected eye 1s shown 


TFurher case found m infant who ded postneonatally 


Table 2 Retinopathy of prema.urity in very low birthweight infants in New Zealand in 1986 and birth weight 


Buth weight No of No (%) of No of infants Re^nopathy of prematurity stage* Total No (%) 
rg) infants Sur7r2ors having ophthalmic —————————— with retinopathy 
examination I 2 3 4 of prematurity 
Infants weighing 500-999 g 
500-599 3 2 (50) 2 1 1 — — 2 (100) 
600-699 18 10 (56) 10 1 1 — 2 4 (40) 
700-799 33 22. (57) 22 4 6 I — 11 (50) 
800-899 35 22. (33) 21 4 4t 2 2 12 (57) 
000—999 43 31 (72) 29 4 4 2 2 12 (41) 
Total 132 87 (56) 84 14 16 5 6 41 (49) 
Infants weighing 1000-1499 g 
- 000-1099 54 44- (31) 42 8 2t I — 11 (26) 
-100-1199 56 46 (32) 45 $ E —t = 6 (13) 
“200-1299 43 38 (38) 35 1 2 — — 3 (9) 
2500-1399 60 £8 (37) 49 1 3 — — 4 (8) 
7400-1499 66 64- (37) 58 1 1 — — 2 (3) 
Total. 279 250 (20) 229 17 8 1 — 26 (11) 





"If a:ymmetrical disease was p-csent the stage 11 the most severely affected eye is shown 


“Furtner case found in infant who 3ied postneoaatally 


„Á. 
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had proliferative retinopathy of prematunty (stage 3 
or more). Only one surviving infant of 28 weeks’ 
gestation or more with retinopathy of prematurity 
had other than mild stage 1 or 2 disease. 

Additionally seven infants who died postneonatally 
had an ophthalmic review, and three had acute 
retinopathy of prematurity. 


Discussion 


Several authors have emphasised the need for 
population based studies of the incidence of retino- 
pathy of prematurity as a preliminary to a better 
understanding of the aetiology, prevention, and 
treatment of this disorder.!* Good prospective 
follow up of children who have required intensive 
care 1s, or should be, an integral part of a newborn 
intensive care service. Parents and care givers need 
to know about problems and potential handicaps at 
an early stage. Knowledge of the incidence of a 
disorder such as retinopathy of prematurity and 
whether it is increasing or not, not only facilitates 
critical review of standards of care but also means 
that there can be national planning for the future 
care of children with severe visual handicaps. 

Flynn and others have highlighted the fact, also 
apparent from earler literature, that if retinal 
examination is too soon after birth acute retinopathy 
of prematurity may be missed as changes often 
develop later in more premature infants.? Equally if 
the examination is too late any acute changes may 
have regressed and no sequelae be detected. This 
may account for the wide variation in the reported 
incidence of acute retinopathy of prematurity.’ 

The main reasons for one third of the infants not 
having an ophthalmic review at a time most optimal 
to detect acute retinopathy of prematurity in the 
present study were that the smallest infants were 
often too sick for examination to be attempted; that 
more mature infants were either examined early 
before transfer to a smaller centre nearer home or 
had to return to the main centre for examination at a 
later date; and lastly that some infants failed to 
attend repeat appointments. Together with the fact 
that in 1096 of examinations the retina, albeit 
usually the extreme temporal penphery, could not 
be fully visualised, these factors may contribute to 
the relatively low incidence of acute retinopathy of 
prematurity seen in this study compared with some 
unit based studies in which repeat examinations 
were carried out until full vascularisation of the 
retina.? On the other hand the proportion of more 
mature, growth retarded infants in this population 
based study 1s likely to be greater than in studies 
from specialised referral units. 

All six infants with stage 4 retinopathy of pre- 


maturity were considered to have developed bilateral 
complete retinal detachments at an early stage even 
though cicatricial disease is often asymmetrical ? 
Data on other sequelae including less severe cicatri- 
cial disease are still being collated. The incidence of 
blindness of early onset from retinopathy of pre- 
maturity in surviving New Zealand infants with a 
birth weight 500-999 g was thus 7%. This figure is 
similar to the 8% used by Phelps to produce her 
estimates of vision loss due to retinopathy of 
prematurity in the United States,’ and it is also very 
similar to the 7% who were found to have Kingham 
grade 3 or 4 retinopathy (severe cicatricial disease 
and blindness) in the one population based study of 
the incidence of retinopathy of prematunty in 
infants with birth weight 501 to ,1000 g from the 
McMaster health region 1977-80.° 

Details of neonatal care, including vitamin E 
usage, varied considerably between the different 
units throughout the country and analysis of the 
various risk factors for retinopathy of prematurity 
will be reported subsequently. 

The present study is continuing for a second year 
and it will be important to see if the same pattern of 
retinopathy of prematurity with respect to birth 
weight and gestation is repeated. It may be that 
routine examination should be confined to infants of 
30 weeks' gestation or less and less than 1250 g birth 
weight. To do so would have reduced the number of 
initial ophthalmic examinations by 34% without 
mussing any proliferative retinopathy. 


‘This study was supported by a project grant from the New Zealand 
Foundation for the Newborn. 

The study could not have taken place without the participation of 
the following ophthalmologists R McKay, I Elliott, J Macdiamid, 
J Halliwell, R Clemett, K Tarr, M Mair, P Haddad, A Ashbridge, 
J Mackintosh, G Martinez, P Bannister, G Moore, G Levien, 
T Ellingham, J Davison, R Earnshaw, and paediatricians 
R Howe, D Knight, P Weston, T Gunn, S Rowley, A Trenholme, 
A Cull, D Bourchier, D Brabyn, M Hoby, V Richardson, 
T Stanley, A Kerr, A Roberts, A Farrell, C Hewitt, B Taylor, 
K Karthigesu, E Allen, H Lees, J Morreau, J Malcolm, 
R Broadbent, M Browning, L O'Leary, C Unter, D Frankish, 
D Somerton, D Barry, R Evans, C Moyes, L Buchanan, 
N Mackenzie, J Goldsmith, S Malcolm, R Mackay, P Morrison, 
R Pinnock, J van der Westhuyzen 

Drs JT Flynn, DL Phelps, and WA Silverman have all read the 
protocols for the study and made many helpful suggestions for 
which I am also grateful 
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SUMMARY A neonate developed complete throm- 
boss of the abdominal zcrta after catheterisation of 
the umbi xal artery. This was succesmully treated 
witk an irtzavenous in*Lsiom of streptokinase. 


——^O——————————— AAAA 5 E E 


Aortic thrombosis is € rare but wel. recognised 
complication of catheterisa3on of tbe umbilical 
artery! for which the accepted maragement is 
surgical txrombectomy.? We describe a child who 
was successfully treated with intravenoas streptoki- 
nase. 


Cas» repo-t 


A taby bor was born a: 40 weeks gestation He 
weighed 2340 g and was small for gestational age 
His mother had smoked dunng the pregnancy. At 
birta his aaemoglobin concentration was 259 g/l 
and. the packed cell volimz was 0-75. His blood 
glucose concentration subsequently dropped to 
«1-) mmcL] and he dev3loped respiracory distress 
for which he requirec artdicial ven ilation.. An 
umbilical zrtery cathete- (Arzyle size 5F. Sherwood 
Medical) was inserted and tre tip positioned at the 
level of -3e body of the Lith thoradc vertebra 
A dilutional plasma exchange tran-fusion was 
cared ou: and the haemoglobin concentration fell 
to 225 g/ with a packed cell volume of 0-65. 
Seventy hours after its -nse-tion the catheter had 
ecchided znd so it was removed. Twenty four hours 
later both the baby's legs were cold end mottled, 
with no pulses. 

An aorrogram was performed by tke Seldinger 
tectnique through the -ight femoral artery; this 
showed that the abdon nal aora was completely 
acc-uded distal to the owigim of the renal arteries 
(figure). 

An intravenous bolus of 1C00 U/kg of streptoki- 


nase was given, followed by an infusion of 1000 
U/kg/hour into a vein on the dorsum of the hand 
Eight hours later both the femoral pulses were 
present on Doppler examination. After 30 hours 
his lower limb pulses were normal and the blood 
pressure in the right arm was 87/54 mm Hg and in 
the lert leg 84/43. The streptokinase was discontinued ' 
and 25 U/kg/hour of heparin given for 48 hours. 
Four months later all the pulses were normal and 





Figure Abdominal aortogram showing total occlusion of 
abdorrinal aorta below origin of renal arteries 


d. 


the blood pressure in the right arm was 97/58 
mmHg, in the right leg 95/55, and in the left leg 
100/60. A radionuclide angiogram using ”™techne- 
tium showed equal perfusion of both legs 


Discussion 


Thrombosis of the abdominal aorta is a rare 
complication of catheterisation of the umbilical 
artery.! Untreated it ıs usually fatal, and surgical 
thrombectomy is the accepted management ? ? The 
operation is, however, associated with appreciable 
operative mortality and morbidity, and thrombosis 
may recur. 

In this case an aortogram was performed to 
confirm the aortic thrombosis. The absence of 
femoral artery pulsation made the landmarks for 
percutaneous puncture of the femoral vein difficult. 
Though there might be concern about passing the 
catheter through the thrombus and possibly dislodg- 
ing it, extensive experience of coronary angioplasty 
in adults with recently occluded coronary arteries 
has not confirmed this. 

Streptokinase is a recognised alternative to 
thrombectomy in children with arterial thrombosis? 
and we have used it successfully. Haemorrhage from 
the arterial puncture site is the mam complication, 
but the incidence may be reduced by careful 
management. We recommend that streptokinase 
should only be given 1f the fibrinogen concentration 
is greater than 1-5 g/l, and that this should be 
checked after two hours, and subsequently at four 
hourly intervals. If the fibrinogen concentration falls 
below 1-0 g/l the infusion should be stopped and 


Acute transient myositis due to 
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heparin given.Ó When the fibrinogen concentration 
rises above 1-0 g/l the streptokinase infusion may be 
restarted. We have found a decrease in the fibri- 
nogen concentration 1s usually associated with suc- 
cessful thrombolysis. 

This case shows the value of streptokinase as an 
alternative to operation in the management of aortic 
thrombosis following catheterisafon of the umbili- 
cal artery. 


We thank Dr PJ Todd for permission to report this case 
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SUMMARY Two children presented with spon- 
taneous, isolated swelling of the lower half of the 
left leg; this was diagnosed as acute myositis of 
unknown aetiology. Further investigations showed 
antibodies to Toxocara. The symptoms resolved 
within 72 hours and the children were discharged on 
no treatment. 





The genus Toxocara comprises parasitic helminths 
that are capable of causing either asymptomatic or 


symptomatic infection in humans. The two common 
manifestations of infection are visceral larva migrans 
and ocular larva migrans. Organs affected in the 
former category include the liver, lungs, brain, and 
heart. We describe two children in whom infection 
presented as acute myositis. To our knowledge this 
association has not been described previously. 


Case reports 


Two children, a girl aged 1/4 and a boy aged 2/5, 
both local children, presented to our department 
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within a six month period. In each case the parents 
had nociced the spontzneous onset of isolated 
swelling of the lower half of the left leg. The 
children were otherwis2 asymptomatic 

Examination showed dirhuse, non-tender, firm 
sweiling cf the muscle bi k postenor to zhe length of 
the left tibia and fibula. There were m» associated 
overlying skin changes. Initial investigation was by 
rad:ogrephy of the left tibia and fibula and blood 
was taksn cor a full bicod count and erythrocyte 
sedimentation rate. The results are skown in the 
tabis. 

Both children were magrosed as Faving acute 
myositis of unknown aetiology They were dis- 
cha-ged home and revizwed a week later In both 
cases the symptoms had reso.ved withir 72 hours of 
the initial presentation. 3otk remainec completely 
asymptcmatic thereafter 

Further investigations were performed to find the 
cau:e of the eosinophilia. The boy had antibodies to 
Toxocara aone while the gir. stowed evidence of 
infection by both Toxocara and Trichiaella spiralis 
(tatle). We believe, howeve-, that the similarity of 
the symptoms in bot children, tke transient 
nature cf the myositis, tte absence of crcumorbital 
oedema and the high -itres of Toxoczra antibody 
indmatirg active infection. combine :o favour a 
diagnose af toxocariazis rather tham Trichinella 
spiralis infection in her rase. 

As both children vere diagnosec as having 
toxocarmsis they had forma. ophthalmic examina- 
tiors, waich were normaL Trey required no specific 
treetmeat and were discharged to the zare of their 
famaly ccctor. 


Table  Pesu'ts of investigctions 22rformed cn two patients 
with mycs. tis 


Gir! Boy 
Rad ography of tibia/fibula Norma Normal 
Full blooc count. 
Hacrogichin (g/l) 109 125 
White cell count (<10%/1) 16-0 15-0 
Neutsoohils (96) 15 39 
Lymphocytes (96) 50 22 
Eosinophil (96) 30 35 
Erytarocy-es sedimentation 
rac (mm in the first hour) 20 12 
Inciinellc zpiralis 
amibod- htre 1/128 Nil 
Toxecara antibodies (ELISA)* 
Acute 112 1-01 
Convilescent 0 45 15 





* An ELISA soore of 0-7 india 2s active infectior- 


The actual source of infection remained undeter- 
mined in either case. 


Discussion 


Although the parasite Toxocara was originally 
identified in 1782, it was not until 1952 that infection 
of humans was first documented.! Its prevalence in 
the population ıs uncertain but one study showed 
that 2% of apparently healthy people are infected 
with Toxocara.^ Infection is clinically manifest as 
visceral larva migrans or ocular larva migrans. There 
are important clinical and epidemiological differ- 
ences between the two entities. The former presents 
in children less than 4 years of age, usually with an 
associated history of pica. Minor symptoms of 
malaise, fever, and cough in the presence of 
hepatomegaly and appreciable eosinophilia are 
usual. However, more serious morbidity has been 
described when the myocardium? and central 
nervous system* are affected. 

Ocular larva migrans typically occurs in adults in 
the absence of evidence of visceral larva migrans 
and no associated eosinophilia. It 1s possible that the 
immune response occurring in chronically infected 
children protects them against ocular disease. 

The diagnosis of toxocariasis should be considered 
in a child whose white cell count shows appreciable 
eosinophilia. Currently the best method of making a 
laboratory diagnosis is the enzyme linked immuno- 
sorbent assay (ELISA). It has a sensitivity of about 
80% and a specificity of 90%.° 

Neither of the children reported was offered 
treatment. Controversy exists over the effectiveness 
of antihelminthic drugs to relieve symptoms and 
eradicate infections. As the natural course of the 
disease seems to be self limiting most workers elect 
to treat only severe or life threatening infections. 
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SUMMARY Two young children referred as pauci- 
articular juvenile chronic arthritis were subsequently 
found to have pneumococcal septic arthritis. 


Failure to diagnose septic arthritis can lead to 
serious joint damage, but it may not be easy to 
exclude. Morrisey and Shore, recorded 10 out of 32 
cases of septic arthritis wrongly diagnosed in the first 
instance.’ We report two children whose initial 
investigations for septic arthritis were negative, but 
who had persistent symptoms and had been diag- 
nosed as juvenile chronic arthritis. 


Case reports 


The children, both boys, aged 20 months and 
3 years, were referred for management of pauci- 
articular juvenile chronic arthritis. Both gave a three 
to four week history of swelling of one knee with 
refusal to bear weight; one child also had transient 
swelling of an ankle. A five day course of oral 
antibiotics for a sore throat had been given to the^ 
older child before the onset of the knee problem. 
The younger child had had pneumococcal pneumonia 
six months earlier. Both children had had several 
sets of negative blood cultures at the referring 
hospitals and were being managed with non-steroidal 
anti-inflammatory drugs. 

On presentation both children had an acutely 
tender hot swollen knee joint that was held firmly in 
flexion. Although refusing to move the joint neither 
child was acutely toxic or ill. One developed a spike 
of fever and more pain on stopping the non-steroidal 
drug. Both children were anaemic, with haemo- 
globin concentrations of 75 and 96 g/l, white cell 
counts were normal, but the erythrocyte sedi- 
mentation rates in the first hour were 100 and 
95 mm. Aspiration of the joints showed turbid fluid 
with a high polymorph count. This fluid grew 
Streptococcus pneumoniae (sensitive to benzylpem- 
cillin) in one child. The other boy, who had received 
antibiotics before admission, had sterile joint fluid, 
but a blood culture taken at the same time as joint 
aspiration yielded the organism. Both children were 
managed with six weeks of benzylpenicillin and 
appropriate physiotherapy and splinting and made a 


complete recovery. Further immunological invest- 
igation of the child with previous pneumococcal 
infection gave normal results. 


Discussion 


Both these children had had a swollen joint for four 
weeks. The striking clinical feature was the exquis- 
itely tender joint and its immobility. Basic investiga- 
tions showing a very high erythrocyte sedimentation 
rate and a low haemoglobin concentration are 
unlikely in pauciarticular juvenile chronic arthritis. 
The state of the joint and these laboratory features 
were indications for aspiration of the joint. 

Antibiotics, however briefly administered, affect 
the growth of organisms from blood and joint fluid, 
and repeated cultures should be taken if a joint 
remains hot and tender. Despite repeated attempts, 
up to 4076 of synovial fluid cultures are uninform- 
ative? and here culture of blood or other site of local 
infection may help. 

Failure to grow the organism from the joint in one 
child raises the question of whether the arthritis was 
'reactive' in this patient. Reactive arthritis has been 
reported after pneumococcal meningitis,’ although 
is much more commonly described after haemo- 
philus and meningococcal infections. The mechanism 
is presumed to be an immunological one with an 
inflammatory response to bacterial cell wall products 
rather than live organisms in the joint.” Cases of 
reactive arthritis after bacterial sepsis that were 
reported by Rush et al did not respond to antibiotics, 
whereas our patient responded dramatically to 
benzylpenicilin. Taking this clinical response with 
the positive blood culture at the time of joint 
aspiration, we feel justified in also calling this case 
septic arthritis. 

In one child the presence of another swollen joint 
was misleading, but transient synovitis occurs in 
more than one joint in up to 1096 of cases of septic 
arthritis or osteomyelitis. Non-steroidal drugs were 
effective in suppressing constitutional signs of sepsis 
in one child and thus tended to mask the clinical 
picture of septic arthritis. 


We thank Drs AM Mobarak and B Taylor for permission to report 
thear patients, and Mr CM McCullough who performed the joint 
aspirations 
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Growth hormone, suspected gonadotrophin deficiency, and ring 18 


chromz2some 


S S ABUSRZWIL," A McDERMOTT,+ AND D C L SAVAGE" 


" Bris.ol Chiatren’s Hospiti and T South Western Regional Cytogenetics Service, Southmead Hospital, Bristol 


X te ne pi 


SUMMARY 4 boy with z ring 18 ch-omosome 
karvo:ype was referred because of shart : tature; he 
had g-owth 2ormone defi ency and possible hypo- 
gonacotroptic hypogonadism. Many chidren with 
major chromosomal abnormalities are short, but 
this case emphasises the need to consicer growth 
hormone d=feiency in additicr. 


Abou: 60 patients with a ring 18 ch-omosome 
karvo:ype hz+e been repored. Phenotyrically they 
are sFort and obese with mild dysmorph c features 
inclicing h-pertelorism, epicantkic fods, slight 
microznatiia, and small F ends with shor , tapering 
fingers. Boy; may have a small pen:s and zryptorch- 
ism All have pronounced retardation of growth and 
there have been two reports 02 additioral growth 
hormone ceficiency.?^? "We report a child with 
growth hcmone deficiercy and possible gonado- 
trophm deficiency 


Case report 


The boy wes born to heczlthy noa-consanguinous 
parencs at 40 weeks’ gestztion weighing 900 g. He 
had a low Apzar score and resuscitation ncluded a 
brief period. of intubation. His development was 
delayed amd zt 3-5 years he was noted to be short 
(heigEt —3 5D) and com paraavely obeze (weight 
10th centile) with an unusual feaies. Exarrination of 
the peripheral lymphocy es showed an abnormal 
male «aryo-»pe of 46 chromosomes, incLiding one 
ring 13 chromosome. The precise breakponts in the 
formation o: the nng chromosome coud not be 
determined. but the morpa5logy and stab lity of the 
ring implied that the deleted distal segrrents were 
comparative y small. The parents’ chromosomes 
were norma. 


At the age of 12 he was referred to the growth 
clinic because of pronounced retardation of growth 
and obesity. His height was 112 cm (—4-8 SD), and 
he weighed 37 kg (50th centile). He had several of 
the dysmorphic features that are described in 
children with ring 18 karyotype including a small 
penis («2 cm long) with small soft testicles («2 ml 
volume) (figure). His sense of smell was normal, 
and his skeletal age was 9-1 years. Serum thyroxine, 
thyroid stimulating hormone, prolactin, and cortisol 
concentrations were all normal. A sequential insulin 
and arginine stimulation test after priming with 
100 ug ethinyloestradiol daily for three days con- 
firmed growth hormone deficiency with unrecord- 
able growth hormone concentrations despite 
adequate hypoglycaemia (4-2 mmol/}>2 mmol/l). 
The pituitary sella was small but a brain scan was 
normal. He was given growth hormone (Somato- 
norm) 4 units subcutaneously three times a week, 
and his height velocity (which had been 4-8 cm/year 
before treatment) increased to 10-8 cm/year during 
the first full year of treatment. 

At the age of 14-3 years he was still prepubertal. 
His gonadotrophin response to gonadotrophin re- 
leasing hormone was poor with a peak measurement 
of luteinising hormone of 3-1 IU/ and a peak 
measurement of follicle stimulating hormone of 2-1 
IU/ Basal testosterone concentration was 0-1 
nmol/l. The addition of testosterone enanthate 100 
mg intramuscularly monthly has accelerated his 
growth (which at the time of writing was 9-7 
cm/year), and induced sexual maturation. 


Discussion 


A ring 18 chromosome karyotype is comparatively 
rare; there 1s loss of small distal segments of both 
long and short arms of the chromosome so that a 
mixture of physical signs characteristic of 18p— and 
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18q— can be expected * Transmussion of the dis- 
order from parent to child has been reported? but 
most cases are mutations. 

We know of two reports of children with chromo- 
some 18 deletions and growth hormone de- 
ficiency,? ? but most authors do not measure growth 
hormone concentrations. There are reports of 
primary hypoparathyroidism and primary hypo- 
thyroidism, but none of gonadotrophin deficiency 
though some boys have small penises and testicles. 

A causal association between growth hormone 
deficiency and 18 chromosome deletion 1s difficult 
to justify, as the gene for growth hormone produc- 
tion seems to lie on chromosome 17. Our patient 
was resuscitated in the neonatal period and perinatal 
asphyxia causing hypothalamic damage cannot be 
ruled out as the cause. His brain scan was normal so 
that there was no gross anatomical cerebral abnor- 
mality, but the pituitary sella was abnormally small. 

Three reports of growth hormone deficiency in a 
comparatively rare chromosome disorder suggest 
that hypopituitarism should be sought for in children 
with this chromosome deletion and short stature. 
Some children seen 1n growth clinics are dysmor- 
phic, or have minor or major chromosome abnor- 


malities, and usually paediatricians regard these 
children's short stature as part of their particular 
disorder. This case emphasises the need to measure 
growth hormone concentrations if height velocity is 
decreasing or retardation of growth is severe. 
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Glaucoma as an early complication of Hurler's disease 
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Toronto, Toronto, Canada 


SUMMARY We report three cases of Hurler's disease 
in which glaucoma developed in early childhood. 
We draw attention to the fact that glaucoma may be 
a commonly unrecognised early complication of this 
condition. 


Glaucoma has been reported as a complication of 
mucopolysaccharide (MPS) storage diseases in adults 
with milder variants, such as Scheie disease 
(MPS IS).! A single case of glaucoma in a child with 
Hurler's disease (MPS IH) was reported by Spellacy 
et al? The authors speculated that glaucoma only 
develops late in milder forms of MPS storage 
diseases, and is rarely seen in patients with MPS IH 
because of their sbort life expectancy. 


Case reports 


CASE 1 
A girl, weighing 3886 g, was born at term to 


nonconsanguinous black parents. Noisy breathing 
and snoring were reported from early infancy. There 
was initially mild, but subsequently more severe and 
progressive, developmental delay. Congenital 
glaucoma was suspected at 16 months of age because 
of corneal clouding. At 18 months of age, she had 
many characteristic clinical features of MPS storage, 
including large head (49-0 cm, >98th percentile), 
depressed nasal bridge, thick lips, large tongue, 
dysplastic teeth, hepatosplenomegaly, and a mild 
gibbus and flaring of the lower ribcage. Radiographic 
examination of the skeleton showed changes typical 
of Hurler’s disease (MPS IH). The diagnosis was 
confirmed by the demonstration of absence of 
a 1duronidase in leucocytes and cultured skin fibro- 
blasts. 

Pronounced corneal opacities were noted on 
examination. Examination under anaesthesia showed 
corneal diameters of 12-25 mm ın the left eye and 
12-50 mm in the right eye. Pressure was 3-07 kPa in 
the right eye, and 3-20 kPa ın the left. There was 
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centre! cupping of optic disks w:th cup/disk ratio of 
0-4 in both eyes. The cups vere vertically zlongated. 
A “ight anz left goniotcriy was perfommed, and 
pilccarpine 4% and  chloramphenicol/hydro- 
cordsone/po:ymyxin B oirtmert were ins illed. The 
posto erative course was uneventful. 


CASE 2 
A 20y, born prematurely at 37 weeks” gestation 
wetghing 20-0 g, had his neonatal course complicated 
by th? deve.cpment of hvalme membrare disease, 
wh:cE progressed to bronchopulmonary dysplasia. 
He hzd recurrent colds arc otitis media taroughout 
infancy. Biateral inguimal Lernia repairs were 
requiced twice because cf recurrence. Develop- 
mental milestones laggec bebind the normal. At 
16 months of age he derelop2d persistent tearing 
anc photopaobia in bota eyes. At 18 months a 
diaznosis ci congenital gEucoma was made. On 
examrnatiom, bilateral co-neal opacitie. and the 
characteristiz clinical features of Hurle-'s disease 
were aoted. The diagnosis of MPS I was confirmed 
by zhe demcnstration of Cefictency of a icuronidase 
in peripheral blood Ieucoz7tes 

On exanmaton uncer anaesthesia corneal 
diameters were 12-75 mn ir the righ eye and 
12-)0 mm in the left 27e. Bota corneas were 
extremely cloudy, makinz oohthalmoscopy very 
difficult, eszecially ın the l2ft eye. Optic disks were 
pal» with a cup/disk rat c of abcut 0-€-0-7. The 
intraccular pressures wer2 1:6) kPa in tLe left and 
3-07 EPa in the right eye. Witk the aid o` a Barkan 
lens, »ilateral goniotomies were perform:d without 
difficalty. pilocarpine 4% and chloramphenicol/ 
hydrccortiscne/polymyxir 3 omtment were instilled 
into both eyes; the postoperative cmurse was 
uneventful. 


CASE 3 

A zi was born at term and developec normally 
until zhe age of 5 months. She was referred at the 
age of 7 months by ber family physician for 
investigation of recurren: upper respira. ory infec- 


Table Ocular findings in patiens 


Case Presenung symptoms Eye 
No 
1 Corneal opacitiz- Right 
Left 
2 Redness of the eye Rught 
Photophobia, excessive. tearing Left 
3 Decrease in vinal acuity 


Right 
Left 


tions, macrocephaly, hepatosplenomegaly, and 
recent developmental delay. On examination, she 
was GJ cm in height (90th percentile), weighed 
8-48 ke (75th percentile); head circumference was 
50 cm (98th percentile). The typical facial appear- 
ance end other climcal features of Hurler's disease 
were roted. The diagnosis of MPS I was confirmed 
by ths demonstration of absent a iduronidase 
activity in peripheral blood leucocytes. 
Examination under anaesthesia at the age of 
17 months showed corneal diameters of 12-25 mm 
bilaterally and normal fundi. There was no evidence 
of papilledema or increased intraocular pressures. 
Slight corneal opacities were noted bilaterally. At 
5 years of age, she again underwent examination 
under anaesthesia because of decrease in visual 
acuity By that time corneal opacities had increased 
apprecably; however, the details of the irides could 
still be discerned. Corneal diameters were 12-5 mm 
bilaterally. The intraocular pressures measured 
3-73 k2a in the nght and 4-00 kPa in the left eye by 
applarometer tonometry. Diagnosis of glaucoma 
was made, and treatment with pilocarpine drops was 
startec. 
Discussion 
Glaucoma is a well recognised, but apparently rare, 
compl cation of MPS storage diseases; as a presenting 
problem it is virtually unknown. In two of the three 
cases reported here, however, the diagnosis of a 
storage disorder had not been made when glaucoma 
develcped before the age of 5 years. The eye 
compluints were typical: excessive tearing, photo- 
phobia, and clouding of the corneas (table). 
Althozgh characeristic also of glaucoma, the clouding 
of the corneas in these cases was attributable 
prima-ily to MPS storage. The diagnosis of glaucoma 
was swpported by the demonstration of increased 
cornezl diameters, cup/disk ratios greater than 0-3, 
and tFe presence of increased intraorbital pressures 
(table. In one case the patient improved with 
mediczl treatment alone; in the other two gonio- 
tomie: were performed. 


(=rneal Intraocular Disk/cup 
d=meters pressure ratio 

(ram) (kPa) 

12-SC 3 07 0 4 

17-25 3-20 0-4 

To. 307 0-6-0-7 

12-00 1-60 06-07 

12-56 3 73 Not examined 
12-50 4-00 


The most common cause of infantile glaucoma 1s 
interference with aqueous outflow caused by arrest 
of the development of the trabecular meshwork of 
the anterior chamber angle. In MPS storage diseases, 
the trabecular meshwork becomes engorged and 
distorted by accumulating MPS, which also causes 
thickening of the extracellular matrix in sclera and 
corneas, resulting in further constriction of the 
anterior chambers.? * Distortion of the meshwork in 
the corneoscleral junction and adjacent to the canal 
of Schlemm interferes with the flow of aqueous 
humour through the endothelial lining.” The 
presence of incompletely degraded MPS in the 
outflow apparatus is also thought to inhibit 
hyaluronidase and other degradative enzymes 
involved in the maintenance of normal aqueous 
outflow.? 

Glaucoma may be a more common early 
complication of Hurler’s disease than has been 
previously appreciated. The recognition of the 
complication is undoubtedly obscured by the fact 
that one of the principal clinical features of glaucoma 
in infants—corneal clouding—is also a prominent 
finding in Hurler's disease. Corneal opacification in 
infantile glaucoma is due to aqueous entering 
comeal stroma via microscopic breaks in Descemet’s 
membrane resulting from increased intraocular 
pressure. The separations are permanent and appear 
as wavy parallel lines—usually curvilinear and 
horizontal, on the inner side of the cornea. In 
Hurler's syndrome the avascular noninflammatory 
corneal clouding is a result of lysosomal engorgement 
with MPS material. Here, fine grey punctate 
opacities are first seen in the anterior stroma, then 
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in the posterior stroma and endothelium. Clinically, 
however, these two types of corneal clouding are 
undistinguishable. Early recognition and treatment 
of the glaucoma would not be expected to contribute 
appreciably to the longevity of children with Hurler's 
disease; however, it clearly enhances the quality of 
life of affected patients. Physicians attending patients 
with MPS disorders should be alert to the possibility 
of the problem occurnng, and obtain appropriate 
ophthalmological consultation should ocular 
complaints possibly attributable to glaucoma 
develop. 


Glaucoma in Hurler disease 


This work was supported in part by a summer student scholarship 
provided to one of us (MJN) by the MPS Society of Canada 
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Special report 


Paediatric manpower: towards the 21st century 


W J APPLEYARD ANC A D M JACXSON 
British Paediatric Associaton 


SUMMARY The British Faeciatric Association (BPA) has carried out a national survey of 
paediatric medical manpzwer in the hcspital and community child health services. The results of 
the survey selating to England and Wales are presented and compared with Department of 
Healt and Social Security (DHSS) manpower statistics. On the basis of the survey findings and 
current trends in che patzern of paediacric care paediatric manpower requirements over the next 


10 yezrs ere estimated. 


The consul:ative documen, Hospitcl Mecical Staf- 
fing: Achievmg a Balance ses out the basic 
objectives': “1° to increase the number cf consul- 
tants; 2) "c match more -loszy the number of 
doctors in tra ring to expected consultant opportu- 
nities; and (33 to ensure tke nez2ssary su>port for 
consultants tc provide 24 hour cover in the acute 
specialiies Detailed plans for the 1mplemer tation of 
these propcszls were drawn up dy a steermg group 
on behalf cf the United Kiagdom Health Depart- 
ments, the Jcint Consultancs Ccmmittee, and the 
Chairmen of Regional Health Authortties and 
published -n their report. Plex for Acion^ In 
preparation for these impeading changes 13 staffing 
structure the 3PA has undertaken an -xtensive 
survey of present manpower in paediatrics and has 
reviewed ma-power needs 13 th? specialty over the 
next 10 years. 

Thres important trends ^n paediatrics must be 
taken into account when future raanpower aeeds are 
being conside-ed: (1) the icteg-ztion of the hospital 
and communi- child healt services within districts, 
(2) the growta of the paed etric specialues; and (3) 


the continuing developmeass in general ind neo- 


natal paedia—ics m distnc: gereral hosprtals. 
(1) Integratioa of district child health services 


The Committee on Child Hezlth Serv ces—the 
‘Court Comrzittee'—recom riended chat tre district 
child health :ervices shou:c be integrated, with a 
two tier syster1 based on comprehensive primary 
care firmly Hned with supporing consu tant and 


hospital care.? After protracted discussions there ts 
now brcad agreement between the government and 
the profession that this recommendation should be 
implemented. 

The Child Health Forum was set up in 1985 by the 
British Medical Association (BMA) and consisted of 
representatives from community medicine, com- 
munity health, general practice, hospital consul- 
tants, and hospital juntor staff. Its report* has been 
accepted by all the ‘craft’ committees, the Council 
and the Annual Representatives’ Meeting of the 
BMA, and by the Jotnt Consultants Committee. 
The Forum envisages in every health district a 
consultant led service providing secondary child 
health care with the necessary supporting services 
provided partly by doctors in training and partly by 
doctors in a service career grade with delegated 
responsibility from the consultants Initially the 
secondary child health service will require a mini- 
mum of one consultant paediatrician in community 
child health (CPCCH) for each district, accepting 
that there will be a subsequent expansion in num- 
bers in accordance with local needs. CPCCHs will 
have to be supported by the necessary specialist 
training posts, incumbents of which may rotate 
betweer hospital and community child health. As 
the necessary transition from senior clinical medical 
officer to CPCCH proceeds it is important that the 
specialist responsibilities in community child health 
at present undertaken by senior clinical medical 
officers be fully covered in each health district and 
current provision suggests the need for about 2:5 
CPCCHs per district. 
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(2) The growth of the paediatric specialties 


When the Court Committee published its report in 
1976 there were 70 consultants working as paediatric 
specialists in the United Kingdom and the commit- 
tee recommended an increase to 137.° In the 10 
years since then growth in the paediatric specialties 
has been far more rapid than was foreseen. A survey 
carried out by the specialty groups of the BPA in 
1986 identified 247 consultant paediatricians practis- 
ing part time or whole time in a specialty within 
paediatrics in the United Kingdom (table 1) and this 
total is an underestimate as there was only an 80% 
response to the inquiry 

Official statistics for the number of consultant 
paediatricians in specialties other than paediatric 
neurology are not available. There 1s some uncer- 
tainty about how most of these specialist paediatri- 
cians are classified but paediatric cardiologists are 
known to be recorded as adult cardiologists in the 
DHSS manpower tables. 

The present need for further growth in the 
paediatric specialties ın England and Wales 1s 
estimated by the BPA specialist groups to amount to 
some 390 posts. Most of these posts will of necessity 
be based in university hospitals and the numbers 
required take account of the need both for research 
and for tertiary patient care. 


(3) Developments in general and neonatal paediatrics 
in district general hospitals 


Information on the workload of consultants in the 
National Health Service (NHS) was recorded in the 
Office of Health Economics survey published ın the 
1978 Doctors’ and Dentists’ Review Body Report.” 
Consultant general paediatricians had the highest 
recall rate to hospital and a significant number of 
them were on call on a one in two rota throughout 
their professional careers. Since then the intensity of 
paediatric care in both general and neonatal wards 


Table 1 Numbers of consultants in the paediatric 
specialties in the United Kingdom (BPA 1986) 


Specialty No 
Endocrinology 21 
Gastroenterology 26 
Metabolic. disease 17 
Nephrology 24 
Neurology 3) 
Oncology/haematology 38 
Pennatology 66 
Respiratory diseasc 22 
Total 247 


has increased and it 1s now only possible to provide a 
satisfactory level of 24 hour consultant cover if 
consultant general paediatricians work a minimum 
on call rota of one in three. This entails at least three 
consultant general paediatricians per district. with 
four or perhaps more in larger districts. 

Bearing these trends in mind the BPA foresees 
consultant paediatric manpower for England and 
Wales rising to a total of 1490 over the next 10 years 
Orso This total can be broken down as follows: to 
provide 2-5 CPCCH per district, 500; to provide the 
esumated number of paediatric specialists, 390; and 
to provide at least three general paediatncians per 
district, 600. 


The BPA survey 


In the summer of 1986 questionnaires were sent to a 
named consultant paediatrician in every health dis- 
trict, health board, and postgraduate hospital with 
paediatric staff in the United Kingdom. In order to 
ensure that the manpower data were as accurate and 
up to date as possible it was considered essential to 
obtain the necessary information directly from a 
professional source within the district rather than 
from administrative records. Information was re- 
quested on the numbers and sessional commitments 
of all medical paediatric staff, including honorary 
staff, in both hospital and community child health 
services. The dates of retirement of senior staff were 
also requested and for all but senior house officers 
and clinical medical officers names were requested 
to avoid duplication. Where the consultant 
paediatrician was unable to provide details of 
community child health staff he or she was asked to 
enlist the aid of a senior member of that staff. 
Respondents were invited to indicate their estimate 
of the need for additional consultant staff in the 
district over the next 10 years. 

The work entailed 1n completing these question- 
naires was considerable and posed problems for the 
respondents, particularly those in postgraduate hos- 
pitals or in districts with university hospitals. Delays 
in returning questionnaires were therefore inevit- 
able but by the autumn of 1987 complete data had 
been received from every hospital and community 
child health service in the United Kingdom The 
data have been recorded on computer discs in table 
form giving numbers of staff and whole time 
equivalents 1n hospital and community by district 
and region. This is now the definitive record of 
paediatric manpower in the country in 1986 and the 
BPA intends to update the figures regularly. A start 
has already been made on collecting revised data for 
1988. 

In view of the separate arrangements for man- 


1096 Appkyvard and Jocksom 


power in Scotland and Northern “relanc the data 
and d.scussiens in the remmer of this paper refer 
to paediat-i- manpower ir Zng end and Wales only. 
Table 2 surcmarises the marr Endings oz the BPA 
surve7 and shows the equivalent DHSS figures 
(paed.atrics and paediatric neurology) fo- compari- 
son. 


Consiltan:s 


The BPA survey records ^44 consultant paediatri- 
cians (642 whole time ejuivalents) of whom 115 
bold honorzry appointm2ats with the HHS. The 
comparab e DHSS figure tor 1986 is onl, 645 (583 
whole time equivalents). The BPA data however, 
are supported by the names of iadividual consultants 
and must 5e considered more accurate. The dispar- 
ity is perha»s explained in part by the extent to 
whick comstlzant paediatricians in the specialties 
apart from zaediaznic neurology are recorded within 
the adult specialty and in part by the number of 
CPCCHs wtc mav be recozdec in community medi- 
cine tables. These differer ces underline tke need for 
meticilous collection of manpower figures from 
local sources. 

In -he BPA survey consaltants with five or more 
sessicns ir community chi c health numbered 47 and 
they held arrointments in 35 health districts. Some 
20 new CPCCH appointments were made in 1987 so 
it is ikely -hat about 145 of the 200 districts in 
Englend ani Wales have aot yet made a CPCCH 
appomtmen:. The survey idertified 792 senior cli- 
nical medical officers (572. wEo:e time equivalents) 
workng ia child health, s ittle over 2-5 whole time 


Table2 Paediatric manpower in Zaglcnd ang Wales in 
1986 


Crade BPA suzvzy DHSS 
No W3ole une No Whole tune 
eg avalerts! equivalents* 
Consuitant 744 (42 645 S83 
Senior registrar 200 — 159 — 
Registrar 356 — 287]  — 
Senior house officer 1080 —— ii — 
Assocate soecicbist 40 2 28 21 
Hospral practtioner 36 J 24 5-6 
Clinical ass stent 184 w 187 40 
Senio- clinrzeI medical 
officer in cLild 
heath 702 72 Not recorded 


*"Who:e tims 2quivalents for hosp tal staf were calculated, as in the 
DHSS hospitzd medical staff tables, by dividing “he number of 
weekly sesixas by 11 The same calculation was used for 
community m=cical staff rathe~ chan the method əf dividing the 
weekly nuriber of hours by 37 used in che DHSS community 
medidne and community heall service medical taff tables 


equivalents per district, which 1s the BPA recom- 
mended district establishment for CPCCH. As there 
were 640 senior clinical medical officers above the 
age of 50 in 1986’ there will clearly be ample 
opportunities for reaching the desired level of 2-5 
CPCCH per district over the next 10 years by 
replacing retiring senior clinical medical officers 
without the need for new money, at least for the first 
few years of each appointment. 


Senior registrars 


Table 3 shows the number of senior registrar posts 
and their type, as identified in the BPA survey. The 
difference between the BPA figure of 200 and the 
159 recorded by the DHSS? has been almost 
completely resolved by further inquiries to regions 
by the DHSS, which have raised the official total to 
194 and have shown a further three paediatric senior 
registrar posts recorded as posts in adult cardiology. 

Assuming an average duration of four years for 
senior registrar posts and an average of 30 years for 
the professional life of a consultant the required 
ratio of senior registrars to consultants 1s 1:7. When 
the specialty 1s ultimately in a steady state with 1490 
consultants, the number of senior registrar posts 
needed will therefore be roughly 210. During the 
penod of growth in the number of CPCCH posts 
over the next 10 years, however, there will be a need 
for a temporary increase in the number of senior 
registrars in the field of community child health. The 
overall total of senior registrar posts required can be 
calculated from the expected number of consultant 
vacancies. We estimate the number of consultant 
retirements and losses to be 22 per year, the number 
of retiring senior clinical medical officers who will be 
replaced by CPCCH to be an additional 30 per year, 
and growth in the other fields of paediatrics to 
continue as in the last few years—that is, at a rate of 
20 per year. This gives a total of 72 consultant posts 
a year which must be supplied by 288 (72X4) senior 
registrar training posts. Any retirements of senior 
clinical medical officers in excess of 30 will provide 


1able3 Numbers of senior registrars. BPA survey in 
England and Wales in 1986 


Type of post No 
NHS ful time 87 
NHS part time 21 
Honorary (university) 52 
Honorary (soft money) 31 
Research 9 
Total 200* 


*DHSS -ecorded 159 in 1986. 
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the additional temporary senior registrar posts 
required for training in community child health. 


Registrars 


The total number of registrars identified by the BPA 
survey was 356 (table 4). The discrepancy between 
this figure and the DHSS total of 287° is probably 
accounted for by the 66 research registrars. 

In estimating the future needs for registrars two 
proposals made ın Plan for Action must be taken 
into account: (1) the designation of overseas 
registrars, who will return to their own countries, as 
‘visiting registrars’; and (2) the establishment of a 
quota of ‘career registrars’, who will be eligible for a 
hospital career in the United Kingdom, in order to 
maintain an appropriate balance with senior regis- 
trar and consultant posts. 

Of the 287 registrars recorded by the DHSS in 
1986, 115 were born overseas? and the BPA 
considers that there wil be continuing training 
opportunities for at least 100 visiting registrars. The 
number of career registrars needed in the period of 
expansion 1n the next 10 years, allowing for losses 
into general practice or other specialties, will be 
about 250 which, together with 100 visiting reg- 
istrars, gives a total of 350. As in the case of senior 
registrars the number of career registrars will fall 
when the specialty has reached its steady state. 
These posts could, however, be retained as visiting 
registrar posts and continue as part of a recognised 
training programme as there is no manpower 
restriction on visiting registrar posts. 


Senior house officers 


The BPA survey showed that of a total of 1080 
senior house officers in paediatrics 38% are general 
practitioner vocational trainees. The number of 
general practice trainees is likely to rise in view of 
the importance now attached to paediatric training 
for general practitioners, and doctors who are 


Table 4 Numbers of registrars. BPA survey in England 
and Wales in 1986 


Type of post No 
NHS full time 229 
NHS part time 11 
Honorary (university) 22 
Honorary (soft money) 28 
Research 66 


Total 
*DHSS recorded 287 in 1986. 


planning a career in a specialty other than paediat- 
rics will continue to opt for some paediatric experi- 
ence and training at senior house officer level. The 
BPA accordingly foresees a modest rise in the 
number of senior house officers in paediatrics to 
about 1200 


The ‘Safety net' 


Paediatrics is recognised in Plan for Action as one of 
the acute specialties to be included in the safety net 
arrangements,” which aim to ensure a minimum safe 
level of resident intermediate staff for 24 hour 
emergency cover. The provision of an acute service 
for neonates and seriously ill children in district 
hospitals requires resident staff with paediatric 
experience Our manpower proposals would meet 
this requirement with a one in three rota, using 
varying combinations of senior registrars, career 
registrars, visiting registrars, second year senior 
house officers, and the new staff grade. First year 
senior house officers are too inexperienced in 
paediatrics to be included in the safety net staff. As 
the number of whole time equivalents in the 
non-training grades in paediatrics are relatively 
small at present (table 2) it may be necessary to 
increase the number of posts in the new staff grade 
to fulfil the safety net requirements in some districts. 


Conclusion 


At a tume when major changes are taking place in 
the hospital staffing structure and the district child 
health services are progressing towards integration it 
was thought essential that the BPA, which is the 
only organisation with the necessary understanding 
of paediatric services, should obtain first hand 
information from local professional sources on all 
paediatric staff in the country. This exercise in the 
collection of medical manpower statistics, though 
time consuming, has proved to be worth while. 
Based on these reliable data it has been possible to 
make projections for paediatric manpower for the 
next 10 years and into the 21st century (table 5). 


Table 5 Proposed future paediatric manpower profile 


Grade No 
Consultants 1490 
Senior registrars 210 
Registrars 
Total 350 
Career 250 
Visiting 100 


Senior house officers 
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Oncogenes in malignancy 


S MALCOLM 


Mothercare Department of Paediatric Genetics, Institute of Child Health, London 


All doctors are familiar with the meaning of the 
words oncology and genes but most are likely to 
have been quite puzzled over the last few years as 
they came upon the new hybrid term, oncogenes, 
and even more so by its siblings protoncogenes and 
cellular oncogenes. In this article I will attempt to 
explain what is meant by the term, how they have 
been discovered and defined, in what way they 
relate to normal human genes, how their study has 
shown the genetic basis of cancer, and make some 
suggestions for how their analysis could affect the 
diagnosis and treatment of cancers, particularly 
those of childhood. Unfortunately, most of this last 
section will be speculation and gazing into the future 
but in view of the tremendously fast rate of progress 
over the last five years it would be unwise to dismiss 
all such ideas as merely fantastical. 


Identification of oncogenes 


THE COMING OF CLONING 
Oncogenes have been identified over the last few 
years by scientists working in the fields of virology, 
cytogenetics, and cell biology: all of them using the 
techniques of molecular biology and molecular 
genetics, which have been made possible by the 
development of recombinant DNA. The cloning of 
genes or pieces of DNA in recombinant molecules 
has made it possible to isolate and prepare in bulk 
DNA sequences that were previously present in 
such small amounts that they were impossible to 
purify. These purified sequences can then be used to 
probe for identical or related sequences in DNA 
from a variety of sources including tumours. The 
probing is made possible because the two strands of 
the double helix of DNA contain complementary 
sequences and when both probe and target DNA are 
melted to give single stranded molecules they will 
reform into a duplex wherever a complementary 
sequence is found (nucleic acid hybridisation). 
The other technical advance which revolutionised 
the experimental approach to these problems was 
the discovery of a class of enzymes, found in 


bacteria, which cut DNA at specific sequences of the 
base pairs (restriction enzymes). This gave the 
power to manipulate DNA very specifically and 
reproducibly. 

Research in all the different and apparently 
non-related disciplines converged in a remarkable 
way to identify a few related genes. 


THE ROLE OF THE VIROLOGIST 

The study of tumour viruses in a range of animals 
(but not in humans until the recent discovery of the 
human immunodeficiency viruses) has thrown light 
on both the genes causing transformation and the 
mechanism by which this can arise.! Transforming 
retroviruses, which have a genome made of RNA 
rather than DNA, are found in a wide range of 
vertebrate species including monkey, cat, mouse, 
and chicken. The types of tumour they can cause 
also vary widely and include sarcomas, lymphomas, 
leukaemias, and carcinomas. Fortunately for the 
experimenter they transform cultured cells as well as 
rapidly inducing tumours in animals. 

A virus normally contains only the genetic in- 
formation needed for its own reproduction, which 
an infected cell will copy using its own machinery. 
An oncogenic virus also contains an ‘oncogene’, 
however, which has been transduced from the host 
organism into the viral genome at some previous 
point in its history. The structure of the gene will 
have been altered at the time at which it was picked 
up by the virus, any non-translated regions which 
interrupted the original gene on the chromosome 
(these are normally occurring and are called 
intervening sequences) will have been removed, and 
the gene may have been shortened or changed by 
point mutations. In some cases the virus may have 
picked up two such genes. It is the production of this 
abnormal protein by the host cell’s machinery which 
converts it into a cancerous cell. 


TRANSFERRING A TUMOUR GENE—THE CELL BIOLOGIST 
When DNA extracted from human tumour cells is 
applied to a culture of the mouse cell line NIH 313 
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some 5f thz cells take up small pieces of DNA and in 
around 15% of cases a small cclory of ceils grows 
out inzo a clump, a sort of mini tumour. The human 
DNA can »e isolated from these cel s by c oning and 
then analvsed. In most cases the isolated gene 
belongs to a family (of thr22) genes called ras which 
had previously been ideddfiel as the oncogenes 
present in the mouse sarcoma virvses K rsten and 
Harvey raz.? This provide: very direct evidence that 
the aleraticn in a tumour cell 5 a somatic mutation 
of the cel’; DNA 


TEE CYTOCENETICISTS ART 

As the methcdologies for 5bteining 200d chromo- 
scme preparations from ttu riou celis have improved 
a weelth of data have been produced o4 chromo- 
scme changes in tumours. In particuar it has 
become possi»le to corre ete ckromosorce changes 
with deta_ed diagnoses, progression of the disease, 
and secondary tumours. 4.mazing progress has been 
made 1n tke cytogenetics cf leu«aemias ard lympho- 
mas but -ecently, with techn.cal advances, many 
other tumours including those of soft tssue have 
begur to show consistent chromosome changes The 
chromosomal changes obs2rvec may be transloca- 
tions, gaim or loss of a ccmpbete zhronrosome, or 
deletions In the case of eukaemias and lympho- 
mas, trarslocations have be2n particularly well 
denned arc the hypothesis has been formzd that it is 
tke aterazion in the structure or expreszion of the 
genes loceted at the transExcati»n breakpoints which 
cause at least one step m the cell's progress to 
becorung cancerous The-e ras therefcre been a 
beuef tha- identification cf genes located at these 
breakpoirts will identify fa-ther oncogenes This has 


v-Onc 


(for »xarole,v- sis) 


led to a surge of interest in human gene mapping 
with many valuable consequences Because of the 
lack of resolution of most methods of gene mapping, 
however. it has been extremely difficult to implicate 
definitely many genes by these methods. The 
outsta-ding exceptions are the c-myc gene impli- 
cated in Burkitt’s lymphoma and the c-abl geríe 
implicated in chronic myelogenous leukaemia and 
acute ymphocytic leukaemia Both of these will be, 
discussed in detail later. 

Cytagenetics has also played the major part in 
identibzing the chromosomal position of and, more 
recent.y, facilitating the cloning of genes involved in 
cancers where there 1s an inherited. predisposition 
This will be discussed further in the section on 
retinoalastoma 


The nature of oncogenes 


HAVE WE ALL GOT THEM? 

The coned oncogenes isolated by the methods 
descrized above can be used as hybridisation probes 
to seerch for the same sequences in DNA from 
non-tumour tissue There were several surprises 
when this was done. It is clear that normal human 
DNA contains sequences complementary to the 
oncogene DNA and indeed these sequences are 
highly conserved throughout evolution. Both these 
findings suggest that they have normal cellular 
equivalents, performing essential functions of the 
cell (tecause of the high degree of species conserva- 
tion). These normal equivalents of oncogenes are 
called cellular oncogenes or c-onc (undoubtedly a 
particularly misleading and confusing nomencla- 
ture) ^r protoncogenes. Thus the cellular equivalent 
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P-otoncogene (human) 
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Activated cncogene 


Figi Rehuonship between protoAcogenes, vreal oncogenes, and act vated oncogenes 


of the viral oncogene v-myc 1s called c-myc until the 
day when somebody identifies the real nature of this 
gene at which point it will revert to some quite 
straightforward biochemical name Protoncogene 
conveys far more satisfactorily the sense that a gene 
has been identified, which when mutated in various 
ways has the potential to contnbute to transforma- 
tion of the cell. It is therefore the case that, to 
paraphrase Moliére, we have all been inheriting 
oncogenes for years without knowing it. The 
relationships between the different forms are shown 
in fig 1. 


WHAT DO THEY NORMALLY DO? 

In only very few cases has the connection between a 
known oncogene and a biochemucally defined hu- 
man gene been made. This is achieved by comparing 
the sequence of a viral oncogene (for example) with 
newly acquired sequence data of human proteins 
and their complementary nucleotide sequences, 
making allowance for possible alterations and muta- 
tions of the sequence in the virus. In other cases the 
identity of the protein 15 still unknown but its site of 
action and other functional information may be 
known. The first oncogene whose cellular equiva- 
lent was identified was sis. In its viral form v-sis it is 
a simian sarcoma virus but its human equivalent has 
been identified as the B subunit of platelet derived 
growth factor. The table lists the other oncogenes 
with 1dentified products. In general they appear to 
be growth factors and growth factor receptors, but 
any molecule exerting major control over cell 
growth or division can be considered a potential 
oncogene. Several excellent reviews expand this 
information.^ ? 


HOW ARE THEY ACTIVATED? 

At least two ways in which the protein amino acid 
sequence is mutated during oncogene activation are 
known. In the case of activated ras genes, isolated 
by transfection experiments, the mechanism 1s a 
simple point mutation leading to a single amino acid 
difference (fig 2). N-ras gene encodes a 21 000 
dalton protein whose normal function ıs to couple 


Table Idennfied oncogenes 

Name Human gene Original virus 

C-SIS Platelet derived growth Simian sarcoma virus 
factor 

c-erbA Glucocorticoid receptor Avian erythroblastosis 

virus 

c-erbB Epidermal growth factor Avian erythroblastosis 
receptor virus 

c-fms | Macrophage colony Feline sarcoma virus 


stimulating factor 
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ras protein p2i 
10 gly ala 12 gly I3gly 
Normal GGC GCC GGC GGT 
Bladder GTC 
carcinoma val 


Fig2 Mechanism of activation of the Ha-ras gene in 
bladder carcinoma. 


growth factor receptors to inositol phosphate 
production. In the DNA isolated from tumours 
point mutations affecting amino acid residues 12, 13, 
and 61 have been found. 

Secondly, a chromosome translocation such as the 
9:22 translocation found in the Philadelphia 
chromosome in chronic myelogenous leukaemias 
can bring together parts of two genes that are 
normally quite separate in the genome. This can 
result in aberrant mRNA expression and splicing to 
include sequences from both sides of the breakpoint 
resulting in a novel chimeric c-abl protein with a 
molecular weight of 210 000 instead of the normal 
145 000 and an altered amino terminal end. 

In chromosome rearrangements such as the 
8314, 8;2, and 8;22 translocations found in 
Burkitt’s lymphoma breakpoints occur around and 
adjacent to the c-myc oncogene altering the 
expression of the gene, probably by changing 
mRNA stability, rather than the sequence of the 
protein. 

Over expression of an oncogene can occur 
because the DNA sequence is amplified many 
times. Amplification of several oncogenes has been 
shown but the most interesting, because of its 
clinical correlations, is N-myc in neuroblastomas. 
Again there is no change in the structure of the 
protein product. 


Cancers and oncogenes 


LYMPHOMAS, LEUKAEMIAS, AND TRANSLOCATIONS 
Chromosome translocations are often found in 
leukaemias and lymphomas and by correlating all 
these findings at international workshops it is 
rapidly becoming possible to build up a consistent 
picture of specific translocations associated with 
particular tumour types ’ Some of the well estab- 
lished associations are shown in fig 3 

The value of these studies 1s twofold: from the 
clinical point of view it helps to define subgroups of 
disease with altered prognosis Thus the child with 
acute lymphocytic leukaemia carrying a t(4;11) 
translocation has a particularly ‘poor’ prognosis. 
From the scientific point of view it defines the exact 
region of the chromosome where genes important 
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Fig3 Spec fic translocations r mamsgnancies of lymphoid lineage CGL chronic granulocytic leukaemia; CALLA: 
commen acrete lymphoblastic eakcenia antigen, Tdt: terminal deoxynucleotidyl transferase; ALL: acute lymphoblastic 
leukaerua;: 3L: Burkiut's lymphoma; ana DR ard B4 are cell surface anügens. 


for at leas: one stage of the malignant precess must 
reside. Several excellen: reviews outining the 
various chromosome chamges are available.’ ? Re- 
cently considerable progress has been mace in delin- 
eating the changes in soid tumours." 

Although it has been known for many years that 
the African form of Burkitt's lymphome carries a 
t(8:144 translocation, mo-e rezent_y it vas shown 
that variant forms of Burxit!s lymphoma existed 
with t 2;3) and t(8;22). In each case the breakpoint 
on ckromosome 8 remained the same, at the 
position of the c-myc oncogene. and in each case the 
reciprocal translocation co-res>onds to cne of the 
three imnrunoglobulin geass (a3eavy chan, x light 
chain, and À light chain). Tke DNA of the mmunog- 
lobulia geaes rearranges to generate amcibody di- 
versit7 durmg the differentiation of B cells and 
detailed studies at the molecular level have shown 
that the translocation anzes as z failure of the 
normel ‘recombinase’ mechanism. Not sarprisingly 
the translocations in T cell lenxaemias aave been 
shewr to mvclve the genes oi the a chain of the T 
cell receptor which rearranges using the same 
mechenism drang T cell development. Ir this case, 
however, the oncogene on the other side of the 
breakooin- has not yet been identified and a 
reversed genetic approach of clcning zhe DNA 
sequences across the bre£kpoint and thea identify- 
ing their origin can be vsed. 

Although the Philadelphia. chromosome is a 
marker for chronic myelogenous leu«aemia a 
cytogenetically indistingushable chromosome is 
found in 2-10% of childhood acute lymphoblastic 
leukaemia (Ph*ALL). Molecular analysis has 
showr. that as in chronic ryelogenous leakaemia a 


mutant c-abl gene is created by fusing sequences 
from chromosomes 9 and 22 but the position of the 
breakpoint on 22 ıs different,!! although interrupt- 
ing the same gene, and in this case the protein has a 
molecular weight of 190 000. 


NEUROELASTOMA AND GENE AMPLIFICATION 

An amplified oncogene N-myc has been identified 
from neuroblastomas, both tumour tissue and cell 
lines. N-myc was identified both by weak hybridisa- 
tion to the oncogene c-myc, because of some regions 
of sequence homology, and by molecular cloning of 
amplified sequences from a neuroblastoma cell line. 
The amplified sequences show up as homogenously 
staining regions or double minute chromosomes in 
cytogenetic preparations from neuroblastoma lines. 
The frequency and degree of amplification in 
primary tumours varies greatly. Brodeur and col- 
leagues showed that in 89 primary neuroblastomas 
amplification varied between three and 300 copies in 
34 out of 89 tumours." Amplification was not found 
in eight stage I or five stage IVS tumours, however, 
but was found in two out of 16 stage IT, 13 out of 20 
stage III, and 19 out of 40 stage IV tumours. 
Progression free survival also correleated with the 
amount of N-myc amplification. At 18 months, 70% 
of patients with one copy survived, 30% with three 
to 10 copies, and only 5% with more than 10 copies. 
Amphfication of N-myc cannot be the primary cause 
of neuroblastomas as 62% of primary tumours have 
no extra copies. Its role is probably associated with 
the progression of the disease and this may be by a 
fairly general mechanism as amplification has also 
been found in retinoblastomas, small cell lung 
cancers, and malignant astrocytomas. 
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RETINOBLASTOMA AND DELETIONS 
Retinoblastoma is representative of a class of 
embryonic tumours where loss of one of the pair of 
chromsome alleles by a variety of genetic mechan- 
isms is essential to the development of the tumour.” 
In about 5% of non-inherited forms of retinoblasto- 
ma a constitutional chromosome deletion of chro- 
mosome band 13814 has been observed. In familial 
cases of retinoblastoma there is close genetic linkage 
between esterase D and the disease. Esterase D 
maps to 13314. Both of these observations suggested 
that the gene predisposing towards retinoblastoma 
must lie ın that band and (as originally proposed by 
Knudson/^) loss of the wild type allele exposes the 
other mutant or deleted allele. This gene has now 
been cloned’ and shown to be a nuclear phospho- 
protein associated with DNA binding activity. It is 
not clear that it can be classified as an oncogene, 
particularly as it appears to be loss of activity which 
causes the development of the tumour. However, it 
has increased our knowledge of the genetic mecban- 
isms underlying cancer. Osteosarcomas are common 
as secondary tumours in cases of retinoblastoma and 
it has also. been shown that chromosome 13 
sequences are lost in these. 

Wilms' tumour shows a similar relationship with 
sequences from band 11p13 but no candidate gene 
has yet been isolated. 


Uses of oncogenes 


PROBES FOR DIAGNOSIS 

Once the breakpoint in a tumour has been defined 
and cloned hybridisation probes can be produced 
that are likely to detect rearrangements of the DNA 
in other tumours of the same type. This could be 
used diagnostically, probably rather more cheaply 
than by using chromosomes, or to look for residual 
disease. An example is the cloning of the sequence 
on the chromosome 22 side of the Philadelphia 
chromosome the so called bcr probe from the 
‘break-point cluster region’. 


See related article on p 1012 
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TREATMENT??? 

Some examples will occur when study of the state, of 
either mutation or dosage, of an oncogene will 
indicate the prognosis in a particular patient and 
thereby influence the treatment regime. It may even . 
be possible to design drugs which act against the 
altered specificity of a mutant oncogene or to 
regulate their expression by injection of an antisense 
RNA. 
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Personal practice 


Management of corstitutional delay of growth 


and puberty 


R STANHOPE AND M A PEEECE 


Department of Growth ard L-»elopmert, Institute of Child Health, London 


Constitutional delay of growth xx d puberty (CDGP) 
is not a disease but a cormo- zond:tioa in which 
puderty and its associatec zrowh spurt cecur at an 
age which is near the extreme o` the normal range. 
Growth at 2uberty is intimatel, -elated to the stage 
of pubertal developmen: anc this 1s why, quite 
apprcpriately, both growth and suberty ere implicit 
in the name, although it Zouic ke argued that they 
occur in an incorrect crder. t is an important 
condstion to recognise as marv such children only 
need reassurance although som. > will require, if only 
for psychological reasons, therzpeutic irtervention 
to improve their short tem growth There is much 
information available about fhe anth-opometric 
progress of chiüdren witk coc:titutiond delay of 
grow-h and puberty ani we aave attempted to 
correlate this with our mcre recent understanding of 
possible options for the maænipi ation of tne endocri- 
nclogy of puberty. 


Defirition 


Constitutional delay of groc-h and puberty is 
defired by Prader as: ‘constitut onal delay of growth 
cccucring in otherwise RBeal-£ adolescents with 
stature recuced for chroaologeal age brt generally 
appropriate for bone az» am stage ef pubertal 
Geve-opment, both of wach a= usually delayed'.! 

As growth potential is rela -«d tc the degree of 
epipiyseal maturation, it is ts delay ñ bone age 
whic permits a final stature within -he normal 
range. It is the ‘tempo of gowth (ard puberty) 
which is significantly delayed - In this article, we 
shall use the terms ‘constifuticmal delay’ and ‘growth 
dela 7’ as synonymous wit CD3P as the» are almost 
certeinly manifestations of -he same condition. 
although presenting at d-fferzrt ages (see below). 
CDGP is more common 13 bæ: than mes and tends 
to have a familial pattern. T-c anthropometric, as 
well as the psycholog.cal. ieque.ae of delayed 


puberty are more dramatic in boys on whom we 
shall concentrate most of our discussion. 


Endocrinology of puberty 


The initial endocrine event of puberty is high 
amplitude pulsatile gonadotrophin secretion from 
the pituitary gland in response to pulsatile gonado- 
trophin releasing hormone (GnRH) secretion from 
the hypothalamus.’ These events occur predomi- 
nantly at night, as does growth hormone secretion. 
It 1s interesting that the secretion of these hormones 
is mtimately related to the night during puberty 
and that this relationship continues throughout 
reproductive function; the onset of the luteinising 
hormone surge in women, which is an essential 
prerequisite to ovulation, occurs in the early hours 
of the morning The diurnal secretion of these 
hormones during early puberty has important im- 
plications for their therapeutic administration*; oes- 
trogen in girls should be administered in the 
morning, oral testosterone in boys as well as growth 
hormone in both sexes are usually given during the 
evening. 

There is a sex difference in the pituitary response 
to GnRH which may explain the characteristic 
differences between the timing of the onset of 
puberty in girls and boys; girls more readily release 
gonadotrophins to a given GnRH stimulus ? This 
may explain why the onset of puberty is earlier in 
girls than boys, why central precocious puberty 1s 
more common in girls, and why constitutional delay 
of growth and puberty 1s more common in boys. 

Although both sex steroids and growth hormone 
are required for the growth spurt of puberty, the 
pattern of secretion of sex steroids alone does not 
explain the growth acceleration of puberty. In girls, 
oestrogen secretion is at its peak just before 
menarche, when the growth spurt is waning. In 
boys, sex steroid secretion increases progressively 
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throughout puberty and yet initially growth deceler- 
ates and the onset of the growth spurt occurs 
relatively late between genitalia stage 3 and 4. Both 
sex steroids and growth hormone are synergistic 
during the growth spurt and it has been appreciated 
for many years that boys with delayed puberty 
before the onset of the growth spurt, as well as girls 
in late prepuberty, have physiological growth hor- 
mone insufficiency,” which can be reversed by 
exogenous administration. (priming with sex 
steroids.’ We have recently appreciated, however, 
that growth hormone pulse amplitude and not sex 
steroid secretion correlates with changes in growth 
velocity during puberty in both girls and boys.” 
Short term use of sex steroid 'priming' in boys in 
early.puberty temporarily increases growth hor- 
mone secretion, and the administration of sex 
steroids for greater than three months induces a 
sustained increase ın both growth hormone secre- 
tion and growth that continues after the cessation of 
treatment. This 1s the principle for short course 
treatment with anabolic and sex steroids for boys in 
early puberty with CDGP 

Data from postmortem examination, pelvic 
ultrasound,? and hormone profiles? have suggested 
that the endocrine events which we associate with 
puberty probably have their origin very much earlier 
in childhood. Gonadotrophin secretion progres- 
sively increases throughout childhood and when 
sufficient sex steroids are secreted to induce secon- 
dary sexual characteristics, then phenotypic puberty 
begins. These low concentrations of sex steroids 
secreted during early childhood, however, may have 
great significance for the physiology of growth 
delay. After the second year of life, when growth 
has become dependent on growth hormone, low 
concentrations of sex steroids may result in 
secondary growth hormone insufficiency and low 
growth velocity but with contemporaneous retarda- 
tion of epiphyseal maturation; this is the exact 
scenario observed in growth delay. 


Pubertal development 


It is important to distinguish puberty that is normal, 
except that the onset is delayed, from absent 
pubertal development or arrested puberty (no pro- 
gress for 18 months or more). In contrast to CDGP, 
hypogonadotrophic hypogonadism is a spectrum 
which may present clinically as absent puberty, 
arrested puberty, or failure to attain reproductive 
function depending on the degree of GnRH insuffi- 
ciency. Thus children who have no signs of puberty 
at 2-5 SD or greater from the mean (14-0 years in a 
girl and 14-5 years in a boy) require appropriate 
endocrine and radiological investigation of the 
hypothalamo-pituitary axis. 


Progress through puberty can take a considerable 
length of time, 3% of norma! girls and boys take 
longer than five years to progress from genitalia/ 
breast stage 2 to 5.'! ? For example, a boy who 
enters puberty at 14 years may not complete his 
puberty (and therefore his growth) until 19 years 
and perhaps considerably later as children who enter 
puberty later tend to progress through puberty more 
slowly.’ 


Pattern of growth 


CDGP is more common ın boys than girls for 
reasons we have discussed. Even when this becomes 
a clinical problem in a girl, it is self limiting because 
as soon as the onset of puberty occurs (breast 
development) and they commence their growth 
spurt, girls will attain peak height velocity between 
breast stage 2 and 3. By contrast, the problem is 
exaggerated in boys because their growth spurt only 
occurs towards the end of puberty. The growth spurt 
commences at 10 mi testicular volume (genitalia 
stage 3 to 4) and attains a peak velocity at 12 ml 
(genitalia stage 4 to 5). Thus the growth of a boy 
who enters puberty at 14 will continue to decelerate 
for many years, until the growth spurt starts at 
perhaps 17 or 18 years of age, by which time he is 
considerably shorter than his peers. The later the 
growth spurt occurs, the lower the peak height 
velocity that is attained, as final height attainment 1s 
not dependent on the timing of the onset of puberty 
(except in precocious sexual development). '? '* This 
dictum has recently been affirmed as the use of a 
GnRH analogue to delay the puberty of short 
normal children does not improve final height 
prognosis. ? 

An example of a boy with CDGP is shown in fig 1. 
Although he entered puberty at 14 years, his growth 
continued to decelerate at an extended 50th centile 
velocity. This may imply a growth velocity of only 
about 2-4 cm/year by the age of 16 years, and 
although this may induce considerable concern in his 
medical attendants it 1s important to appreciate that 
this is normal for chronological age and stage of 
puberty. By the age of 16 years, at the commence- 
ment of the growth spurt, his height was 15 cm 
below the 3rd centile on the 'distance' chart 


Diagnosis of constitutional delay of growth and 
puberty 


The characteristic feature of normal puberty 1s that 
there is a relationship between the pattern of 
acquisition of the various stages of sexual matura- 
tion and the growth spurt. Loss of this normal har- 
mony of growth and puberty points to an 
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Fig] Dustence (above) and velocity (belov.) carts from a 
boy wi h corsftutionally delayed puberty. Tee onset of 
pubert: was at 14 years and he consiaued to gro at an 
extended 50h -entile velocity ci til the onset cf P= growth 
spurt a 16 yza-s The typical pacterz cf growth shown on 
the ‘distance’ shart. 


endocnnooathy.? The absence of a grcwth spurt 
assocmted with the acquisition of a 19 m testicular 
volurre; a. gccwth velocitr of Z smvyear 11 a boy in 
early 2uberty that is appropria'e at 17 yezrs but not 
at 13 vearz; and a large testicular volume -n relation 
to inzdequzie virilisation ace al example of loss of 
the normal harmony of growth and prberty and 
neceszitate -nvestigation. _n ccntrast, tae normal 
consonance of growth amd suberty © usual in 
children wth CDGP ard thus mitigat=s against 
special investigations. 

Growth celay often occas ir children ith severe 
systemic disease such as astama, renal disease, 
coeliac disease, inflammatory bowel disease, or 
after "he chronic use of co-ticcsteroids E is impor- 
tant rot to overlook these possibilities æ they can 
mimic somz of the features of CDGP ’ 


The distinction between CDGP and partial hypo- 
gonadotrophic hypogonadism can be difficult as 
both show the normal consonance of growth and 
development. In order to distinguish between these 
two conditions puberty may have to be induced (see 
below) for a period of two to three years and then 
progress observed after the cessation of treatment. 
Congenital growth hormone insufficiency 1s not 
usually confused with CDGP because by this age 
children with the former are very much shorter than 
the latter. Acquired growth hormone insufficiency 
secondary to an intracranial tumour, however, must 
always be considered. In girls, Turner's syndrome 
and its variants should be excluded by a karyotype. 
Children with primary hypothyroidism usually have 
a growth rate that is mappropriately low for their 
age and stage of puberty, and moreover may have 
inappropriate sexual maturation. Children with 
mild skeletal dysplastas, such as spondyloepiphyseal 
dysplasia seldom have a delayed bone age and 
usually exhibit limb-trunk disproportion. The 
diagnosis is confirmed by skeletal survey. 

If pharmacological tests of the hypothalamo- 
pituitary axis are carried out these usually require 
sex steroid ‘priming’ (see above) and, in the clinical 
situation of delayed puberty, are difficult to inter- 
pret. In our experience the anthropometric data are 
more reliable. If sex steroid ‘priming’ is required, 
however, then it is appropriate to use stilboestrol (1 
mg twice a day for three days), which can be used in 
either sex and does not interfere with the anthro- 
pometne data 


Psychological sequelae 


The delay of both growth and puberty can have 
considerable psychological sequelae, especially be- 
cause this ıs such a critical time for social, emo- 
tional, and educational development and, im- 
portantlv, the onset of relationships with the oppo- 
site sex. At no other time during life 1s peer group 
pressure so important and influential than at ado- 
lescence. In an analogous way to facial acne, there is 
little consolation in the advice that all will be well 1f 
the boy waits long enough and that growth will be 
complete in his early 20s. This is highlighted by the 
following extracts from a letter written by an intelli- 
gent 17 year old boy with delayed puberty. 
*... I often get very upset, but J find ıt very 
difficult to release my tension. When I do, this 
results in huge arguments, often over petty 
inconsequential things. I do not wish to be told 
to leave pubs, and ‘X certificate films when I 
am 18. I ose a great deal of my confidence with 
gir[s—I feel fine talking to them normally, but 
asking to go out with someone 1s something I 
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wouldn't consider, as I can't understand many 
17 year olds wishing to go out with someone 
who looks like a 14 year old. It 1s certainly 
difficult for me to convey how I feel, but all I 
can say is that I feel utterly powerless, and I 
often feel quite depressed over this matter 
This, I fear, will begin to affect my work which 
is very important as I am approaching my ‘A’ 
Level examinations’. 

This summarises many of the difficulties that such 
boys commonly experience, although it is unusual to 
have such depth of insight. Many boys with CDGP 
are subject to bullying and some develop antisocial 
behaviour such as shoplifting or vandalism, which 
may bring them into conflict with the authorities 
They require therapeutic help and not unnecessary 
investigation. It 1s surprising that when boys with 
CDGP are asked whether growth or puberty is their 
primary concern, most indicate the former and it 1s 
to this aspect that the therapeutic approach should 
be aimed. 


Treatment of constitutional delay of growth and 
puberty 


The most important decision 1s whether, rather than 
how, to treat a boy with CDGP. This 1s only 
indicated when such a boy is experiencing psycholo- 
gical distress. It is important to have the parents 
present at the initial interview as events such as 
bullying are more likely to be alluded to by the 
parents because the admission of this by an adoles- 
cent boy may be considered as a sign of weakness. 
Often the attendance of the adolescent and the 
discussion about such delicate problems, as per- 
ceived by the adolescent, at a clinic appointment 1s a 
significant sign in itself. 

It is important to emphasise that this condition is 
just a vanation of the normal timing of puberty, and 
is not an illness. This also indicates the necessity for 
an effective but safe treatment. Misconceptions 
about future fertility and manhood may require 
reassurance It is unhkely that treatment will 
improve final height, although this is theoretically 
possible using growth hormone treatment, but it will 
allow the boy to achieve final height at an earlier 
age. 

Two therapeutic approaches 1n the treatment of 
CDGP are possible. Either the growth spurt can be 
induced using a low dose of an anabolic steroid or 
possibly growth hormone, with little alteration in 
the progress of sexual maturation, or puberty can be 
induced along with its associated growth spurt by the 
administration of testosterone or human chonionic 
gonadotrophin. 


ANABOLIC STEROIDS 

These have been extensively used for the past three 
decades in North America but unfortunately their 
initial use was in high dose regimens for long periods 
which resulted in side effects of hepatotoxicity, 
suppression of the hypothalamo-pituitary-gonadal 
axis,? ? and inappropriate advance of epiphyseal 
maturation. $ Sobel noted that virilisation is dose 
dependent, whereas the growth acceleration was 
not.? Low doses of anabolic steroid? ? adminis- 
tered orally in a daily regimen induce a growth spurt 
that is not a placebo effect.” At the attainment of a 
4 ml testicular volume this growth acceleration is 
sustained, and therefore only relatively short 
courses are required ^ ? At the cessation of treat- 
ment this induced growth spurt continues and 
eventually becomes indistinguishable from the spon- 
taneous growth spurt of puberty at the attainment of 
a 10 ml testicular volume (fig 2). Such low dose 
regimens do not cause inappropriate advance in 
epiphyseal maturation and do not alter final height 
prognosis.” ?* There is a normal advance in secon- 
dary sexual characteristics during such short course, 
low dose regimens of anabolic steroids and testicular 
volume is not suppressed. Unfortunately, despite 
the usefulness of anabolic steroids in the treatment 
of constitutional delay and other growth disorders, 
fluoxymesterone is now unavailable and oxandro- 
lone can only be prescribed on a ‘named patient 
basis’ as it has no product licence in the United 
Kingdom. 


TESTOSTERONE AND HUMAN CHORIONIC 
GONADOTROPHIN 

An alternative approach is to induce secondary 
sexual characteristics and thereby their associated 
growth acceleration by using either testosterone or 
human chononic gonadotrophin. Testosterone is 
usually administered by deep intramuscular injec- 
tion of a depot preparation at monthly intervals or 
orally, as testosterone undecanoate, during the 
evening.’ Unfortunately such oral preparations have 
variable absorption from the gastrointestinal tract 
that limit their usefulness. Depot testosterone esters 
are certainly effective,” although unfortunately 
they are often used in excessive doses, but the 
probably do not reduce final height attainment. 
Although testosterone administration suppresses 
the hypothalamo-pituitary-gonadal axis, with 
reduction in testicular volume, this is only tem- 
porary. Testosterone treatment often produces a 
rapid rise in serum testosterone concentrations and 
also wide fluctuations 1n concentrations between 
injections which can, in themself, produce emo- 
tional lability and may become counterproductive to 
the indications for treatment. An alternative and 
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acceleration became mdistinguz hab.e from sie g-owth spurt of puberty at the attainment of a 10 ml testicular volume 


more physiclogical treatment s human chorionic 
gonadotrophin, but this hes ta be admiristered in 
two t5 three injections a w2ek. which limits its use. 
Both testosterone and tuman chenonic gona- 
dotrcphin reed to be giver for a minrmum of three 
months in o-der to attain e sustained grcwth spurt. 
Of course, unlike anabciic steroids, Doth test- 
osterone es-zrs and human chorionic gonzdotrophin 
have to Ee given by injectior. 

Foz girls who require treatrrent low dose oestro- 
gen, such as ethinyl oestradicl 2 ag dany, can be 
admiaiste-ed as this induces a growth acceleration. 
When an acvance in puberty has cccurred which 1s 
mappropne‘e for the dose of zxogencus Destrogen, 
then the medication car be withdrawr with the 
probability that spontaneous puberty has started. 
Human ckecionic gonado-rophin cannot te adminis- 


tered ın girls because of the likelihood of ovanan 
hyperstimulation syndrome. 


GROWTH HORMONE 

From tne discussion about the mechanism of the 
growth spurt of puberty, it is not surprising that the 
admriaistration of growth hormone can improve 
short term growth in boys with CDGP" and this 
could theoretically improve their final height prog- 
nosis Because of the increase in growth hormone 
secrezion which occurs during puberty, however, 
large- doses may have to be used than are adminis- 
tered in the treatment of growth hormone deficiency 
in prepubertal children.^ From experience of the 
management of children with hypopituitarism, 
grow-h hormone treatment has little effect during 
late srepuberty. Treatment is expensive and may 
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have to be continued for a long penod of time 
because of the possibility of ‘catchdown’ growth ” 
Growth hormone 1s certainly not the primary choice 
of treatment for children with CDGP; as they have 
physiological growth hormone insufficiency it seems 
more appropriate to use an androgen in boys or an 
oestrogen in girls to induce increased endogenous 
growth hormone secretion. 


À practical regimen 


The normal harmony of puberty is the characteristic 
of CDGP. Indeed, endocrine investigations in 
delayed puberty are notoriously difficult to interpret 
and are more often misleading than they are helpful. 
Most .patients with psychological distress due to 
CDGP require an effective safe treatment, rather 
than investigations. If puberty 1s disordered or if 
there 1s an inappropriate anthropometric response 
to treatment,” however, then the patient should 
have neuroradiological and endocrine assessment of 
the hypothalamo-pituitary axis. 

Once the diagnosis has been made then 
reassurance should be given and treatment only 
offered if there 1s inappropriate psychological dis- 
tress. For boys with CDGP for whom short stature is 
the predominant symptom, then treatment should 
be given with an anabolic steroid such as oxandro- 
lone 1-25-2:5 mg daily for three to four months. 
This will induce a growth spurt which, after the 
attainment of a 4 ml testicular volume, will be sus- 
tained. If growth deceleration does occur on cessa- 
tion of anabolic steroid treatment, then a further 
three to four month course can be administered. 
Once a sustained growth spurt is achieved then 
growth and development should continue without 
requiring any further treatment. It 1s important to 
explain that this treatment 1s only advancing the 
timing of the growth spurt without altering final 
height attainment. In the more unusual case where 
inadequate sexual development is the predominant 
symptom then treatment with testosterone esters 
(such as Sustanon 50) should be administered at 
monthly intervals for three to four months. Usually, 
this 1s sufficient to induce an advance in pubertal 
maturation with concomitant growth acceleration. 

Growth delay can often be recognised many years 
before puberty and the growth pattern of CDGP can 
be anticipated and effectively prevented. In the pre- 
pubertal years and before the attainment of a 4 ml 
testicular volume, low dose anabolic steroids will 
induce a growth spurt but this will not be sustained. 
A course of anabolic steroids, such as oxandrolone 
1-25 mg daily, can be administered for a penod of 
about a year without inducing sexual development 
or inappropriate epiphyseal maturation. This 


regimen will improve short term growth, allowing 
the boy to attain a higher centile on a ‘distance’ 
chart. 

Growth hormone and human chononic gona- 
dotrophin have little place in the management of 
CDGP, particularly as both have to be administered 
by frequent injection and the former is very expen- 
sive. 


Conclusion 


Constitutional delay of growth and puberty should 
be recognised clinically and not require endocnne 
investigation. Treatment by either anabolic steroids 
or testosterone should only be given when psycho- 
logical distress 1s encountered, but the treatment can 
be administered by either a paediatrician or com- 
munity paediatrician without the necessitv for refer- 
ral to a specialised growth centre. However, assess- 
ment of epiphyseal maturation ıs essential in the 
management of children with delayed puberty. 
Rarely, when inadequate growth acceleration with 
treatment 1s observed, referral to a specialist centre 
is indicated. 


We are grateful to Professor HS Jacobs, Middlesex Hospital, 
London, for allowing us to use clinical data from one of his 
patients 
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Copper deficiency and non-accidental 
injury 
Sir, 


We write to congratulate Dr Jonathon Shaw on his 
comprehensive and balanced review of copper deficiency 
in infancy and its relation to fractures diagnosed as non- 
accidental injury.’ We trust that it will put an end to poorly 
supported attempts on the part of some expert witnesses to 
ascribe fractures to copper deficiency in circumstances 
when it is manifestly not present. These attempts have 
been the subject of adverse comment in the Appeal Court? 
and Family Division of the High Court? in both criminal 
and wardship proceedings The waste of time, money, and 
emotional damage which results from the protracted and 
complicated legal proceedings 1s incalculable 

Dr Shaw together with Dr Carty,* in the same issue of 
your journal have established clearly the criteria. which 
should apply before the diagnosis of copper deficiency 1s 
considered possible and have shown that proper analysis of 
clinical, radiological, and laboratory criteria even in the 
absence of serum copper concentrations are quite adequate 
in most cases. It 1s our view, borne out by the data and 
arguments presented by Drs Shaw and Carty, that infants 
who sustain fractures but do not have recognised risk 
factors for copper deficiency, have normal bone structure, 
and no haematological abnormalities do not need to have 
copper and caeruloplasmin concentrations measured on 
clinical grounds It is questionable whether it would be 
ethical to do them for purely forensic reasons in the 
absence of reasonable evidence suggesting that they might 
be abnormal. We are concerned at the prospect of multiple 
requests for serum copper determination It would be 
unfair both to the infants and the laboratories 
' While we accept that premature infants may represent a 
special risk group because of diminished hepatic copper 
reserves, many of the references cited by Shaw involve 
infants given outmoded parenteral feeding formulae or 
receiving partial enteral feeds With the use of modern 


crystalline amino acid parenteral feeding solutions together ` 


with a trace element solution (supplying 0-3 umol/kg/day of 
copper) we have found copper deficiency rare. 
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Urinary creatinine excretion in the 


newborn 

Sir, 

Al-Dahhan et al claim that their data are only the second to 
report the urinary excretion rate of creatinine in preterm 
infants,! and are apparently unaware of our 1985 paper 
which theirs closely mimics.” 

We measured the unnary excretion rate of creatinine in 
babies of similar gestational ages (26 to 40 weeks), weights 
(640 to 3710 g), and postnatal ages to Al-Dahhan et al, and 
produced almost identical results and conclusions. We 
found that the rate varied with weight, surface area, 
length, gestational age, and postnatal age, but that the 
relation with body weight was the most powerful, so that 
there was no correlation between urinary excretion rate of 
creatinine/kg and most of the other parameters. The only 
difference between our findings is that we found the 
urinary excretion rate of creatinine/kg to be slightly higher 
in the first week of life than subsequently We presented 
these results as anthmetic means (SD) m nmol/kg per 
minute. Converting to umol/kg daily our values of 104 (24) 
in the first week of life and 95 (19) subsequently were 
almost identical to the overall figure of 95.7 (33.3) 
reported by Al-Dabhan et al 

Al-Dahhan et al argue that a knowledge of the urinary 
excretion rate of creatinine should allow the urinary 
excretion rates of other substances to be estimated without 
the need for timed urine collections; in our paper we 
showed this to be the case for sodium and potassium. 
Although the 95% confidence intervals for these estima- 
tions are wide at 62 to 161%, we have found them to be 
narrow enough to provide useful clinical information. 
Using our data, the daily excretion rate of a substance, x, 
per kg is 104 Ux/Uc for infants in the first week of life and 
95 Ux/Uc for older neonates, where Ux is the urine 
concentration of the substance in units/] and Uc is the urine 
creatimne concentration 1n umol/l. We proposed that for 
clinical usage the formula 100 Ux/Uc would be more easily 
memorable with little loss of accuracy. We feel that the 
data of Al-Dahhan et al further strengthen our conclusion 

Using the same principle, we also showed that the urine 
flow rate per kg can be estimated with a similar degree of 
accuracy from a knowledge of the urinary excretion rate of 
creatinine/kg and the creatinine concentration of an 
untimed (‘spot’) urine sample. The daily urine excretion 
(ml/kg) is thus 104/Uc in the first week of life or 95/Uc 
thereafter, or can be approximated to 100/Uc for con- 
venience, but it must be noted that 1n this case Uc is the 
urinary creatinine concentration in mmol/l. 
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Patient tnggered ventilation ir 


premature neonates 
Sir, 
Greenough and Greenhall' -ezently reported their expen- 
ence of the r-gger ventilator.” Ther modif.2d cur original 
circuit by switching the inspireton Cetector from its site on 
the abdomen w the sesophagis. We had cons dered this 
approach but felt that ıt had a.L:mited role becavse it could 
not be used or a routine basis by untrained staff In their 
paper thew allege that ‘gross body movements made the 
abdominal sensor prone to false triggering. Thi- has never 
been a prcb en in my exper1ea3ce over the [ast taree years. 
While it 1s 0»v-ously theoretically possible to interfere with 
the signal fon the capsule, x practice the design of the 
circuit largely eliminates this prob em. This is best illus- 
trated by the zxample of an mfani on triggered ventila- 
tion with am inspiratory time set at its recommended 
0-5 seconcs. When a breath occurs there 1s a deay of up to 
100 msec »e^ore the trigger fis The ventilator is 
refractory so further signals fron the time of finng, 
through the inspiratcry time tting (0-5 seconds) and for 
0-25 seconds zfter this interval (ta allow enough time for 
expiration). Most infants brearhe zt 60 breaths (approxi- 
mately) per mmute with this inspiratory lime (unpublished 
work) Thus on average the ven: lator is refactory for 
0-85 second: aut of the 1 second be-ween E-eatas and only 
0-15 second: remain as a susceptible period befcre the next 
breath ıs due The only consequence of such a false signal 
is to make tte next breath cccur “rachonallr early 

I submit therefore that the criticism of our original 
approach is invalid and that treggered ventlatien using an 
abdominal semsor is an effeztive rears of a-sisting the 
newborn's -espiratory effort. * 
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Infect ve endocarditis in neonates 


Sir, 


"Ne read. with interest the recent review of five patients 
with neozatal infective endocarditis by O'Callaghan and 
McDougall! We wish to report a further case where 
echocardiography had an essential role in the early 
diagnosis of pencarditis and endocarditis in a newborn 
Infant waere clinical signs specific to endocarditis were 
absent 

A boy weighing 3200 g was born vaginally at term to a 
primagravida who had loose bloody stools due to Shigella 
sonnei ection during the last trimester of pregnancy The 
infant ceveloped shigella ententis with intermittent 
gaseous abdominal distension Ultrasound examination 
showed in abdominal abscess but dunng this procedure 
the pencardial effusion was incidentally detected 
Although the infant was il and looked septic, arterial 
pulses ard blood pressure were normal The heart sounds 
were nomaal with no evidence of a murmur or pericardial 
-ub The chest radiograph showed cardiomegaly but the 
electrocerdiogram was normal A septic spot was noted on 
the sternum. A peripheral blood count showed chromocy- 
-openia but no petechial lesions were present There was 
30 haerraturia. 

Cross sectional echocardiography confirmed the pre- 
sence of a large anterior pericardial effusion as well as a 
vegetaticn on the anterior leaflet of the mitral valve. Thirty 
m] of pus was obtained by needle aspiration. of the 
pericardzal space. Subsequent surgical exploration was 
performed and the pericardial space was left on continuous 
drainage Zor one week An identical strain of Staphylococ- 
cus aureas was isolated from the pericardial fluid, blood 
cultures, and the septic lesion on the sternum Gentamicin 
and cloxacilin to which the organism was sensitive were 
given in-ravenously for six weeks. After one week of 
treatmert the pencardial effusion had resolved but the 
vegetation persisted Umbilical arterial or venous lines 
were not used at any time dunng his management He was 
discharged from hospital at the age of 3 months At that 
time hts cardiac examination was normal, in particular 
there was no evidence of mitral valve insufficiency 
Echocardiography confirmed persistence. of the mutral 
valve ve2etation which had become more echodense and 
possibly calcified After discharge from hospital the infant 
was lost to follow up 

Clinical detection of bacterial endocarditis in the new- 
born wro ıs already ill from sepsis is difficult Embolic 
phenomena, congestive cardiac failure, and changing heart 
murmurs are important clues but are infrequently found.” 
Cross sectional echocardiography permits earlier diagnosis 
of endocarditis provided vegetations are at least 2 mm in 
diamete- * We surmise that survival of our patient was due 
to early diagnosis and prompt treatment with appropriate 
antibiotics in high doses, and the maintenance of normal 
tissue perfusion and blood pressure in the presence of 
overwhelming septicaemia We concur with O'Callaghan 
and McOougall in the usefulness of echocardiography in 
the diagnosis of neonatal endocarditis We have shown 
that wit: early diagnosis recovery is possible 
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Varicella gangrenosa 


Sir, 


We read with great interest the account of a case of 
varicella gangrenosa by Kidney et al! and would like to 
report our experience with a simular case associated with an 
unusual complication. 


Case report 


A 3% year old girl developed pain in her left leg eight days 
after chickenpox, when her chickenpox lesions were 
actually drying up. A couple of days later her parents 
noticed a few large, dark bruises appearing on her left leg 

On examination she looked rather pale with a normal pulse 
rate and blood pressure. She had three large, dark, and 
tender ecchymotic areas on her left leg and similar, smaller 
lesions, one on each side, just above the ankle. The left leg 
was obviously swollen and she was unable to bear weight 
on that leg Her peripheral pulses were normally palpable. 

Initial investigations showed a mild anaemia (haemoglo- 
bin 100 g/l) with normal white cell and platelet counts. The 
prothrombin activity was reduced to 70%. Cephalin-kaolin 
time increased to 52 seconds and fibrinogen degradation 
products were >40 mg/l (normal «10 mg/l) 

Despite fresh frozen plasma (10 ml/kg) her bruises 
increased in size in the 24 hours after admission. She was, 
therefore, started on prednisolone 2 mg/kg/day which 
seemed to control the spread of the skin lesions and the leg 
swelling. Her steroid dose was reduced, from the fourth 
day after admission, but on the fifth day she suddenly 
developed severe abdominal pain requiring a pethidine 
injection. She had tenderness in both renal angles and 
urine examination showed a few red blood cells but no 
protein. An intravenous pyelogram showed enlargement 
of both kidneys (left more than right). The right nepho- 
gram appeared immediately, the left slowly evolved over 
5-10 munutes and the pyelogram on the left was also 
delayed, beginning to appear after 20 minutes. These 


findings added support to the clinical suspicion of a renal ` 


vasculitis and, probably, a renal vein thrombosis. 

She failed to pass urine for 10 hours but, subsequently, 
produced urine normally. Blood pressure, urea, and 
electrolytes also remained normal. Plasma proteins and 
complement concentrations were normal and antiDNA 
antibodies were negative. Her symptoms quickly improved 
with intravenous dextrose saline infusion to maintain 
hydration, continued use of steroids, and intravenous 
ampicillin. We did not give anticoagulant treatment. The 
skin lesions became blistery after a few days; thus was 
followed by thick eschar formation This needed applica- 
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tion of streptokinase-streptodornase to remove the scab. It 
took about six weeks for the lesions to heal completely and 
they had left rather unsightly scars on the left thigh, 
tethered down to the underlying fascia 


Reference 


' Kidney DD, Watson JBG, Nisar N Varicella gangrenosa 
Arch Dis Child 1988;63:444-5. 


K K SINGH 

Rochford Hospital, Rochford, 

Essex 

D O HUGHES 

Ormskirk and District General Hospital, 
Ormskark, 

Lancashire 


Very young children and the Family 
Fund 


Sir, 

When the Family Fund, which gives modest grants to 
families with severely handicapped children, started in 
1973 its advisers almost ruled that no child under 2 years of 
age could satisfy the medical criteria.’ Fortunately the 
possibility was left open and a small number of multiply 
handicapped babies, being nursed at home, have always 
been accepted. 

In recent years, however, the Fund is receiving applica- 
tions for and accepting as eligible an increasing number of 
such babies. In 1981 there were 920 applications on behalf 
of children under 2 and 50% of these infants were regarded 
as sufficiently handicapped to be eligible. By 1987 the 
number of applications had almost doubled and two thirds 
of them were accepted. 

Developments 1n medical techniques and the increased 
possibility of litigation if a consultant is not seen to do his 
utmost to save life mean that more babies born with 
disabilities are surviving, and more who are born pre- 
maturely survive but develop disabilities in their struggle to 
hang on to life. More significant, from the point of view of 
the Family Fund, is the fact that such babies are often 
returned to the care of their parents, even when they 
require 24 hours nursing. 

Research evidence has shown that there are consider- 
able financial costs in caring for a disabled child at home,” 
and the government, 1n recently announcing the possible 
extension of attendance allowance to children under 2, has 
acknowledged that the actual problems of care of such a 
child are significantly more than that of a normal baby.? It 
is vital that professionals should realise that the Family 
Fund has always recognised this and that families are not 
discounted because the child is not yet 2 years old 
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Computed tomography in childhood 
epilepsy 

Sir, 

Children attendmg tke school at the David Lems Centre 
for Epilepsy ere a selected grop, as with few 2xceptions 
they are residential pupils from various parts of 13e United 
Kingdom and therefore are likely tc have severe. and often 
multiple hancicaps. -t seemed progable that 1 group of 
such childrea might show a lh incidence of significant 
abnormalities on computed xumography. 

The child-en attending the school at the David Lewis 
Centre and examined by conpuced -:omogrmphy over 
several years numbered 222; ther2 were 154 bays and 68 
girls, aged 7 to 19 years. The ~esults showed that 152 were 
normal. There were 28 with zvidence cf some degree of 
generalised atrophy and 30 with focal atrchy. Nine 
showed calufication and ir three the fincmgs were 
compatible with a c2rebral tumcur Abnormulities in a 
third of the children is in agnesmea: with the findings of 
Bachman et ai! and Vang et al? Bachman et at studied 98 
children with chronic seizure disorders, and. computed 
tomograms identifiel structwral zbnormalities in 30%, 
almost half having generalised or F52al atroph». Two per 
cent showed possible eviderce of unsuspected cerebral 
tumours. Im the study of Yang et al, 256 computed 
tomograms were performed to ail the evzluation of 
children wita seizure disorders Th2re were ab310rmalities 
in 33% that weze found mainly among those with partial 
seizures anc generalised seizures o? known aeablogy, but 
also in those with neonatal seizuces anc in those with 
abnormal neurological findings.and focal slowira shown on 
electroencephalography Five patienis were focnd to have 
cerebral tumours, one a porencephalic cyst, and one 
exuwaventriai ar communicati3s hydrocephalus The use of 
computed tomcgrapay among chiklren with ron-speatic 
mental reta-Caton also seems to b» unhelpful” but when 
the mental retardation is associated with infartile spasms 
the scan is often abnormal, sawing evidence af tuberous 
sclerosis or agenesis of the corpus callosum.! 

Therefore it seems unlikely that a selected group of 
children such as those attending a special reside tial school 
will show mcre abnormalities tha- chose seer in hospital 
outpatient clinics. Also the use of routine computed 
tomography :n the investigatcn of children wth epilepsy 
seems unju:trfied, although 11 "will be indicatedaf there are 
symptoms end signs suggests of s focal lesion. Twenty 
two children who showed thickening of the skul vault, and 
often proliferation of the -rtrac-enial sinuses, and 25 
children wich evidence of ce-ebral atrophy were assessed 
for correlaticns with the antizoilectic drugs that had been 


given ard with the possible timing of the damage to the 
brain Phenytoin and carbamazepine had been given to an 
equal number in both groups, which did not support the 
role of these drugs in causing thickening of the skull bones 
The ons2t of seizures was more frequent during the first 
vear in the first group, which may suggest an impairment of 
cerebral development at an early stage, which is also 
indicated by the thickening of the bones. 
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. Henozh-Schónlein purpura secondary 


to trauma 


Sir, 


The aetiology of Henoch-Schonlein purpura (HSP) is 
controversial. Various bacterial and viral infections 
together with drug and food sensitivity have been identi- 
fied as possible aetiological factors.’ No mention of trauma 
as a causative agent has been found in the literature It is 
postulat*d that a traumatic event produces a shower of 
antigeni: material of joint contents or tissue breakdown 
products which may initiate HSP 

We cescribe two cases where trauma preceded the 
symptoras of HSP. 


Case resorts 


CASE 1 

A 2 year old boy was brought to casualty with a limp after a 
tall the =revious day. He had a swollen and tender right 
ankle. Eadiological investigation showed an undisplaced 
iracture of the metaphysis of the nght fibula. He was 
ireated conservatively and later discharged. Two days later 
he retumed to casualty with a painful left ankle. He was 
initable, his temperature was 37:1°C, and he had a 
maculorpapular rash HSP was diagnosed and subsequently 
he developed abdominal discomfort, lymphadenopathy, 
protein ria, and purpura. The bruise overlying his right 
ankle was yellow whereas the purpura of the HSP were 
blue/black. 


e 


CASE 2 

A 10 year old boy presented to the surgery of his general 
practitioner with a two day history of a painful left ankle 
after a boy had stamped on it. This had been treated 
initially by the school nurse. In addition he had a swollen 
painful right ankle which had developed on the day of 
presentation after a cross country run. Radiological 
investigation showed no bony injury. 

When he was reviewed the next day the bruising to the 
ankles had developed into a purpunc rash which later 
spread to his legs and buttocks. HSP was diagnosed and he 
was admitted to hospital. 

Chance association between trauma and HSP 1s always a 
possibility but on discussing these cases it emerged that the 
general practitioner (RC) had encountered two families 
with a high incidence of HSP sometimes related to trauma 
One family had two brothers with HSP, one of whom had 
developed his HSP after a terntonaal army exercise in 
Germany. The second family had a grandfather who used 
to drive a steam lorry. This carried guns from Vickers 
Armstrong Newcastle to the ship yards on the Firth of 
Forth. There was a steep bank on this route at Berwick 
where the lorry required vigorous stoking. On several 
occasions while being so occupied he would develop severe 
pain in the ankles and a purpuric rash on his lower legs 
which at the time he attributed to the heat from the open 
boiler door! 
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Immunoglobulins in very low birth- 
weight premature infants 


Sir, 
Conway ef al reported on the immunoglobulin supple- 
mentation of very low birthweight (VLBW) neonates.! 
The IgG concentrations measured in the control group 
were, however, considerably higher than those reported 
for preterm babies born between the 29th and 32nd weeks 
of gestation.” The higher absolute values might have 
originated from the different methods of determination 
and statistical analysis Nevertheless, not only were the 
absolute concentrations higher but also the postnatal 
relative decrease in IgG concentration was less marked 
than expected 

These differences are especially interesting for us as 1n 
our unpublished follow up investigation on VLBW 
neonates we also found unexpectedly high immuno- 
globulin concentrations. As practically all VLBW neonates 
require at least one packed red cell transfusion in the 
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neonatal period, so one possible factor in the background 
of a higher immunoglobulin concentration may be the 
influence of transfusions 

In order to elucidate whether packed red cell trans- 
fusions can alter immunoglobulin concentrations we 
measured the immunoglobulin content of 15 blood units 
used for transfusing babies of mean (SD) postconceptional 
age of 32-5 (3-4) weeks and postnatal age of 27 (13) days. 
The following concentrations were found (mean (SD)): 
packed cell volume, 60-1 (1-2)%; IgG, 10-0 (3-4) g/l; IgA, 
1-43 (0-70) g/l; and IgM, 1-3 (1-65) g/l. 

By knowing the amount of blood transfused (15 ml/kg) 
and the pretransfusion packed cell volume of the recipients, 
and by estimating the circulating blood volume to be 85 
ml/kg“ the impact of the transfusion on serum immuno- 
globulin concentrations could be calculated. One packed 
cell transfusion theoretically 1ncreased the IgG concentra- 
tion by 0-93 (0-40) g/l, IgA by 0-14 (0-09) g/l, and IgM by 
0-12 (0-15) g/l. Certainly, after extravascular distribution 
of the immunogiobulins the effect 1s less marked, however, 
presumably still not negligible. 

It is suggested that in VLBW neonates the ‘normal’ 
immunoglobulin concentrations reported may reflect not 
only endogenous production but exogenous intake by 
means of the transfusions as well. 
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Cardiovascular collapse after 
verapamil in supraventricular 
tachycardia 


Sir, 


Kirk et al report the occurrence of severe hypotension and 
death after treatment of paroxysmal supraventricular 
tachycardia with verapamil.! The fact that digoxin was also 
employed in three of the five cases is ignored The 
interaction of verapamil and digoxin and ther potential for 
producing in concert serious adverse_effects and even 
death were reported previously.” Likewise, 1t 1s important 
to emphasise the authors’ caution regarding the unpredict- 
able effects of the combination of verapamil and proprano- 
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lol which mignt also be used in -he treatment of sup- — ? Zatuchn:J Bradycardia and hypotension after propranolol HCl 
and verapamu Heart and Lung 1985,14:94-5 


raventr.cula- tachycardia.? 
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Report from the British Paediatric Surveillance Unit 


This is the second report on the activities of the 
British Paediatric Surveillance Unit (BPSU) to be 
published m this journal. The first described the 
background, methodology, and results of the first 12 
months of operation (July 1986-June 1987).' This 
report summarises the results of mailings between 
July 1986 and January 1988. 


Cases reported 


The table shows, for each of the conditions, the total 
number of reports received in months 1-19, and the 
proportion of cases which on detailed follow up (as 
at 7 April 1988) satisfied the diagnostic criteria. The 
cases not confirmed include duplicates, reporting 
errors, and patients who either did not strictly meet 
the studies’ diagnostic criteria or who had their 
diagnosis revised as a result of further investigation. 
The last two categories were particularly prevalent 
among reports of Reye's syndrome and of paedi- 
atric AIDS. Among the former nearly half of the 
cases reported with onsets in the surveillance year 


1 August 1986-31 July 1987 had a later diagnostic 
revision, most frequently to one of the inborn errors 
of metabolism that mimic Reye's syndrome, such as 
fatty acid oxidation defects or urea cycle disorders. 
In the AIDS/HIV illness category, children were 
reported who had both serological evidence of HIV 
infection and were symptomatic but whose clinical 
condition did not meet the United States Centers for 
Disease Control case definition for paediatric 
AIDS.’ 

These observations illustrate the need for meticu- 
lous and often detailed follow up of case reports. 
Surveillance of very rare disorders, unlike that of 
common ones such as measles or pertussis, requires 
a high order of sensitivity and specificity of case 
ascertainment and case definition if accurate 
epidemiological inferences are to be drawn. Follow 
up is often demanding of the time of the reporting 
clinician: the success of the BPSU and the acquisi- 
tion of knowledge about the rare disorders shown in 
the table 1s attributable to the goodwill and coopera- 
tion of British Paediatric Association (BPA) and 


Table BPSU: reports recetved July 1986-Jan 1988 (months 1-19) 


Condition Total 
reports 


AIDS in childhood 

Neonatal herpes 

Reye's syndrome 

Kawasaki disease 

Haemolyüc uraemic syndrome 

Haemorrhagic shock 
encephalopathy syndrome 

Subacute sclerosing 
panencephalitis 

Lowe’s syndrome 


34 Y EEBS 


*Meets case criteria. 
tReporting error, duplicate, revised diagnosis 
iSull being followed up by the investigator at 7 April 1988 


Outcome of follow up by investigator 


Outcome known Not yet 
——————————  knowni 
Report Report not 
confirmed* confirmedt 
(96 of known) 
20 (40)§ 30| 10 

24 (63) 14 8 

35 (57) 26 19 
155 (86) 26 9 

74 (91) 7 17 

14 (74) 5 8 

43 (86) 7 0 

9 (64) 5 5 


§Seventeen of these, as well as two cases known to the Communicable Disease Surveillance Centre before BPSU reporting began, were 
included in HIV infection in the UK:2. The three exclusions were. one Irish case; one information incomplete, one report received too late 


for inclusion 


[Includes 14 cases who are HIV positive (10 symptomatic) but who do not meet the case definition for AIDS 
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Irish Paedictric Association (IFA) members with 
the scheme, for which the —nit and the investigators 
are extremely grateful. 


Workload of respondents 


sensitve tc retaining this goodwill, the BPSU 
conducted an analysis of workload as measured by 
the number of cases (all conditions} resorted by 
each respondent for the perod July 1986 ta Septem- 
ber 1687. 

Abcut two thirds of respondents had reported no 
cases, so their BPSU time ccmmitment was res- 
trictec to ticking ‘nothing to report’ on the monthly 
card (the stecess of the scheme of courss depends 
on the nil returns). Two thircs of those who did 
report notified only one case. Tne highes: number, 
eight cases, was reported 57 oniv one paediatrician. 
These figures suggest that mos: responcents were 
not excessively burdened >y tte BPSU 


New conditions 


The Unit will, however, ccntirve to moritor work- 
load and respondents’ ecramerts in 1988 because 
further reportable conditzcns Leve been added this 
year, including (for one year only) diabetes, which 
has engencered a relatively high rate ef positive 
returms. The other new conditons are: Iemorrha- 
gic di-ease of the newborn; galzctosaemia. drowning 
and near-miss drowning, rbeumat:c fever; and 
congenital rubella. The last two were re-rospective 
studies each on the repor: sarc for one month only. 
Lowe's syndrome reporting was discontraued from 
April 1988 when that strly was compEted. 


Respense rate 


The response rate (propcrtion of cards returned by 
90 days after each mailing) rose steadiy from an 
averege of 8176 for the firs three mar ings in 1986 to 
90% for the last -hree in 1987. An averzge of over 
90% for tke whole period was achieved by respon- 
dents in <0 regions: seven in Englard, one in 
Scotbnd, and Northern -relend, and Wales. The 
lowest rate, 77%, was frem the Republic»f Ireland. 


Comm nt 


The B2SU has progressed from the phase of being 
an experimental venture to that of consolidation. 
The o»eration is running smoothly with regular 
updating of the mailing list, monitoring of response 
rates aad identification of, and contact with the few 
persistent non-respondents. A recent local effort to 
increase response rates from the Republic of Ireland 
has been most successful. The Unit has provided 
help aad advice in the design of protocols and of 
profornas for data collection for which research 
worke-s have expressed appreciation. Several re- 
spondents have also commented on the value of the 
summary protocol cards as an educational aid and 
stimulzs zo heightened diagnostic awareness of these 
disorders. 

All but one of the 12 spaces on the report card 
were filed by April 1988 and the Scientific Advisory 
Committee had continued to receive further applica- 
tions. If accepted, these studies will be deferred 
until -989 when space on the card will again be 
availa2le. In view of the demand from research 
workers, measures to determine paediatricians’ 
views on the optimum number of reportable condi- 
tions are currently in progress. 

Funding of the BPSU for three years from 1989 
has recently been secured by a generous donation 
from Children Nationwide. Thus the early promise 
of the Unit in facihtating research in rare childhood 
disorcers continues to be realised. This success is 
entirely due to the enthusiasm and support of BPA 
and IPA members. 
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Annotations 


Special growth charts 


The use of a reference chart for plotting sequential 
changes in height and weight 1s now a familiar 
routine for most health professionals involved in the 
care of children and increasingly for many parents 
as well. The idea of ‘following a curve’ is widely 
understood and a child who is ‘falling off the chart’ 
becomes the source of many an anxious consulta- 
tion. In the Third World this idea has been exploited 
in a dramatic way by presenting the centile chart as a 
‘road to health’. There are many children in the 
United Kingdom, however, for whom the Tanner 
and Whitehouse charts are not necessarily ideal.’ 
A special problem exists for children who have an 
intrinsic growth disorder making the standard height 
and weight (‘distance’) charts inappropriate as 
reference material. Many of these conditions are so 
rare that to construct a growth chart of ‘normal’ 
growth would be a major, although not impossible, 
task. Others are so variable in their clinical ex- 
pression that the population is insufficiently 
homogeneous for this kind of approach. There 
remain a number of conditions, however, where 
clinical management of individual children is greatly 
helped by appropriate reference growth charts. 


Down’s syndrome 


The growth of children with Down’s syndrome has 
now been systematically studied for more than 60 

years. Three studies by Brousseau (1928), Benda 
(1949), and Øster (1953) were analysed by Roche 
and appeared to show an improvement in stature of 
about 1 SD over this time period.? All these studies, 
together with that by Rarick and Seefeldt,? were of 
institutionalised children who all showed consider- 
ably poorer growth than the home reared group 
studied by Cronk.* The recently published growth 
charts by Cronk et al undoubtedly provide the best 
reference data available.? The centile charts are sex 
specific and cover the periods 1 to 36 months and 2 
to 18 years. Growth rates were slowest in infancy 
and again at adolescence compared with normal 
children. At birth lengths and weights are reduced 
by about 0-5 SDs but by 3 years are down by 2 SDs 
for length and 1:5 SDs for weight. This tendency to 
be overweight compared with normals continues 
throughout childhood. The adolescent growth spurt 


is also less and 1s mostly accounted for by reduced 
leg growth. Children with Down's syndrome who 
have congenital heart disease tend to be 1-5 to 2-0 
cm shorter and about 1 kg lighter. In general, all 
children with Down's syndrome appear to show 
greater variation in growth rates than normal chil- 
dren, so they may not remain on the same centile ? 
This may arise from the effects of congenital heart 
disease, recurrent infection, or chronic upper 
airways obstruction. 


Turner's syndrome 


Growth studies in Turner's syndrome are compli- 
cated by the fact that many patients will have had 
treatment with anabolic or sex steroids (and recently 
growth hormone) and that only about 6596 of 
patients with Turner's syndrome have the chromo- 
some constitution 45, XO. Ranke et al have analysed 
the growth data from 150 untreated children and 
could find no difference between cases with 45,XO 
and other karyotypes,’ and this finding is supported 
by another study of the growth of 45,XO and 
45,XO/46,XX subjects. Children with Turner’s 
syndrome show a reduction in birth weight and 
length of around 540 g and 2-8 cm respectively. 
Height velocity in the first three years is close to 
normal but from then on there is a progressive 
decline in height velocity up to the age of about 14 
years. Although only a minority of patients with 
Turner's syndrome show any significant pubertal 
growth spurt, they continue growing for longer so 
height gain in the second decade is only a little 
below normal. The growth data of untreated girls 
from four European studies have been combined 
with some British data to produce a growth chart 
showing mean (2SD) compared with normal girls.” 


Other sex chromosome abnormalities 


The growth of boys with Klinefelter's syndrome 
(47,XXY) 1s the best documented of the other sex 
chromosome abnormalities. The mixed longitudinal 
study by Schibler et al gives individual growth data, 
the mean height curve, mean height velocities, and 
upper/lower segment ratios in 54 boys.!? In the 
prepubertal period the mean height follows closely 
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to the 75th zentile of the standard chari and this 
increased hewAt is due to increzsed leg growth from 
infanc7. Simmer findings are repcrted by ochers who 
have also nc-ed a reduced head circumference.!! 2 
Pubertal progression 1s slcver but prolonged com- 
pared with controls. The Edaburgh cytogenetic 
study -eportec the growth of 14 boys with 47,X YY 
and found -t simular to chet of the toys with 
Klinefelter’s syndrome, athough the read cir- 
cumfe-ences did not differ from controb.”? Girls 
with 47,XX* on the other hanc appeared to have 
norma growth. 


Skeletal dysplasias 


A cormpreheasive study oZ height, height velocity, 
upper/.ower segments, and head circumf2rence in 
403 individuals with classical achondroclasia has 
been published by Horton et cl.” Heigh: velocity 
rapidly declmes during the frst two years of life to 
reach and stay at a»out the third centile resulting in 
a prog-essive loss cf height compared with normals. 
This 1s almost entizely due Io growth faiiure in the 
lower segments in the ‘fst five years though 
subsequently growth of tke trunk ts subrormal as 
well, especialy in girls. It was not possitle in this 
study -o asscss the extent of the pubertal growth 
spurt. The head circumference charts are very useful 
for deserminmeg the onset cf hydrocephalas, which 
may be difficalt to diagnose in achondroplasia. The 
same group keve also putlished growth curves for 
the rarer skeletal dysplas zs irclucing distrophic 
dysplasia, spondyloepiphyseal dvspiasia congenita, 
and pseudoschond-oplasia.~” These data are based 
on a limited number of oozervations from a small 
number of patients and sa are presented as mean 
(SD). 


Using special growth charts 


Clinicelly the most useful “orm of reference 
growtk chart is the centile chart While ot all the 
data ir thesz studies have been presented in this 
form, 25rovided means ani SCs are available for 
differeit ages, it is possible to construct similar 
growth curves using appropriate statistical smooth- 
ing tecaniqu2s.” The cross sectional data “hat have 
been reported in most of these studies will usually be 
adequete for the prepube-tal renod thcugh addi- 
tional longitudinal data ray be needed during 
puberty. Exemples of the uses of thes? special 
growth char-s include adult height pred:ction and 
assessing the effects of varioas forms of treatment in 


Tumer’s syndrome,’ and the detection of growth 
failure in Down’s syndrome. A novel approach to 
the use of special growth charts are the theoretical 
weight control charts constructed by Griffiths and 
Edwards for boys with Duchenne muscular 
dystrephy.!° With disease progression and declining 
activi'y, muscle tends to be replaced by fat so that 
increesed weight places an extra strain on already 
weakened muscles. Their charts have been designed 
as a guide to dieting. There is still a considerable 
need for improvement in presentation and accessi- 
bility of existing data and for further studies 
espec-ally of growth velocities and of growth during 
puberty in many of these conditions. 
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Adolescent outcome for hyperactive children 


What happens to children who have been diagnosed 
as hyperactive when they reach adolescence? A 
number of studies involving North American popu- 
lations have now attempted to provide an answer. 
Most of these were undertaken when the diagnosis 
of hyperactivity was defined by the Diagnostic and 
statistical manual of mental disorders (DSM IT) as a 
disorder ‘charactensed by overactivity, restlessness, 
distractibility and poor attention span, especially in 
young children'.! This diagnosis accounted for about 
5-595 of the general elementary school population,” 
and up to 30-40% of child clinic cases ? Notably, the 
definition added that “The behaviour usually 
diminishes in adolescence’ This statement was con- 
troversial at the time and whether the hyperactive 
symptomatology disappeared or not, some felt that 
the disorder acts as a precursor to the development 
of social, personality, or even gross psychopatho- 
logical disorders ın adult life. With the arrival of 
DSM UI and the conceptual change of hyperactive 
syndrome to attention deficit disorder, do we know 
the answer? 


Outcome study methodology 


Outcome studies of childhood hyperactivity are typi- 
cally of two types: follow up and follow back.* The 
problem with the latter is that the subject pool is 
often untypical of the general population of hyper- 
active individuals as they are, for example, adult 
psychiatric patients or adults with continuing hyper- 
active behaviours. Of the follow up studies, many 
have failed to use control subjects, which makes it 
difficult to extrapolate the results to the general 
population of hyperactive children. Controlled, 
follow up studies are therefore likely to be the most 
reliable sources of information. If adolescence is 
arbitranly defined as the age group 11-18, eight 
such studies qualify for inclusion in an analysis 
Drawing conclusions from even these studies is 
problematic because of the variability of study 
design. There 1s, for example, little consistency in 
the type of control subjects used (for example, 
sibling controls, supernormal controls) and the 
degree to which they are matched. If, for example, 
supernormal controls are used in which subjects 
have been selected for an absence of any be- 
havioural or psychological disorder, this tends to 
exaggerate the difference in symptomatology 
between index and control subjects. Attrition rates, 


where reported, range upwards to 40% with only 
one of the studies exploring the difference between 
those subjects who were followed up and those who 
were lost to follow up.!^ Not having this information 
makes it difficult to assess the representativeness of 
the subjects studied compared with the original 
group identified for follow up. 

Finally, the selection criteria for index subjects 
varies between studies. The DSM II diagnostic cri- 
teria lack precision but commendably all but one of 
the studies have defined ın more detail the selection 
critena used Even so there is variability, which 
makes it difficult to reliably combine information 
from different studies. Despite these drawbacks the 
studies under review do produce results that are 
consistent across studies 
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Results from the controlled, follow up studies 


SYMPTOMATOLOGY 

The study by Lambert et al showed that the course 
of the disorder is variable between individuals ^ By 
14 years of age, 20% of their sample were symptom 
free; 37% were not being treated by hyperactivity 
but had persistent problems of behaviour, learning, 
or emotion (‘residuals’); and the remainder (43%), 
had emotional, learning, and behavioural problems 
and were still being treated for hyperactivity (‘still 
hyperactive’). Gittleman ef al diagnosed 40% of 
index subjects at follow up (mean age 18-3 years) as 
having some form of hyperactive disorder, with 
48%, including those with hyperactivity, having a 
DSM III diagnosis of some type, but mainly in the 
conduct disorders range." No case of major 
psychiatric illness was identified. 


ANTISOCIAL BEHAVIOUR 

There 1s evidence from four studies that some hyper- 
active children are at risk for developing antisocial 
behaviours in adolescence Hoy et al found that 
index subjects were more likely to have received a 
police caution than control subjects,’ and Satterfield 
et al, using police records, found a higher incidence 
of arrests for index subjects in all socioeconomic 
groups compared with control subjets.!? Lambert et 
al also found a significantly higher frequency of 
school suspensions and trouble with the police than 
was the case for control subjects.!? In addition to 
finding a higher rate of school and non-school anti- 
social behaviours in index children, Gittleman et al 
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also -ourg a significan-l7 hizaer rate of substance 
abuse disorders m index subjects in comparison with 
cont»ol s.ibjects.! 


COGNITION 

Seve-al studies have invesngated the cogritive func- 
tioniag o^ index and control subjects anc overall it 
seems that many hyperective children continue to 
have pocrer styles of et enticnal performance and 
prob em so ving strategies. The studies of Cohen ef 
al’ aad Lambert et al’* found, sing the Embedded 
Figures Test, that index subjects were significantly 
worse than control subjects -1 employinz effective 
probem sving strategiss. Poorer attentional test 
performanzes of index subjects were found in the 
studies of Hoy et a? amd Lambert er cl." 


ACALEMIC ACHIEVEMENT 

Taree stuzies reported that :ndex subjects were 
more likely to have to repeat sckool grades than is the 
case of omtrol subjects ?* -^ In addition, using 
morc forma. measures >? ecucational attainment, 
Lambert etal found that index subjects scored signi- 
ficartly rcorer on tests of mathematics and reading 
com reh2rsion than dit control subjects. It 1s 
notable that the studies c£ Minde et al,> Gittleman er 
al, |! and Lambert et al? all saowed that index sub- 
jects scored significan-lz7 more poorly on tests of 
iptelligerce within a rarge ct 7-11 poin:s than did 
control subjects. 


Discussion 


The various studies repcried on indicate that, com- 
pared with control subjects. adolescents who were 
hyperactve as children are more likely to continue 
to s3ow hrperactive behaviours or other Ibarning, 
emational, and behavioural difficulties Also they 
are moze likely to te emgaging in antisocial 
beheviours and those rrvolving Substance abuse 
Cognitive difficulties, tyoically involving problem 
solv ng sretegies and etrenticral performance, con- 
unus to bz poor with related. consequenzes on aca- 
denic ach evement. 

What saoteworthy, bcwever, 15 that the outcome 
is veriable Both the Gi-tiemaa er alt! and Lambert 
et gi! studies suggest that by early edolescence 
(about 14 7ears of age) 32 to 20% of index children 
are free c: psychologizzl or behavicural disorders, 
witF the former study skowing taat by age 18 this 
number tres to 52%. Of the remainder, about 50% 
m each age group were sti reported to be hyper- 
actwe ezrd have associtec problems, with the 
remaimiag 50% having prc»ems of conduct and 

earning wth a development -:owards antisocial 
and subs-ance abuse b2aaviours by the time they 


reached late adolescence.'! Broadly speaking then 
the or.tcome ts tripartite and the interesting question 
1s what determines the type of outcome? 

Th research tends to suggest that therapeutic 
interwention 1s mot a significant outcome predictor. 
In al of the studies reviewed, index subjects 
receised a variety of treatments, although in no 
study was this under full experimental control. In 
two sudies reporting treatment data (Minde et aP 
and Lambert et al!?, 100% and 85% respectively of 
index subjects received stimulant medication, and in 
the c.se of the former study, outcome was found to 
be urrelated to the duration of drug taking. This 
findirg 1s supported by a number of other studies 
that Lave failed to establish the efficacy of stimulant 
medi-ation used for over a year. In the Minde et 
al? ard Lambert et al? studies subjects also received 
other tvpes of treatment. In the latter study, for 
examle, 57% had received special education or 
tutormg programmes, 19% psychological therapies, 
and _1% diet or motor treatment. Even so, the 
inter-ention efforts failed to improve the outcome 
for most subjects in their study, and Minde et al also 
failec to show any significant association between 
these other forms of treatment and outcome.” 

Data from several studies suggest that those 
hype-active children in adolescence who cease to 
have hyperactive symptoms but show other 
behavioural problems (residual type) are more 
likely to have shown higher levels of conduct dis- 
orde initially. This is true of the index children in 
the Veiss et al study and in a further study by 
Satterfield and Schell.'* In a more extensive study of 
Outceme predictors in a group of hyperactive 
chlen, Patermte and Loney show that aggressive 
symptomatology is the largest outcome predictor 
with environmental and family variables also 
mak-g a further but more modest contribution. ? 

Třere is little evidence to bring to bear on the 
quesion of what determines the differential out- 
com: for those two other groups of children: one of 
whica ceases to have psychological problems in 
adol-scence and the other which continues to show 
hyperactive symptoms. There is, however, sugges- 
tive 2vidence that there may be a cognitive dimen- 
sion 2n which these two groups differ. Lambert et al 
four that their ‘no problem’ group had the charac- 
teri&ic of being more cognitively mature compared 
with the ‘still hyperactive’ group ^ Cognitive 
matrrity 1s defined as a high score on measures of 
inteLigence, formal reasoning, and academic 
achi :vement. It may be therefore, that a relatively 
superior cognitive ability may serve as a protective 
facter for the non-aggressive, hyperactive children 
partzularly as it may ensure a better adjustment in 
the school environment. Conversely, some non- 


aggessive hyperactive children may be characterised 
by several types of cognitive deficits that persist into 
adolescence and continue to be associated with 
hyperactive symptomatology. 

It will be profitable for future research studies to 
investigate further the features associated with the 
different outcomes for children diagnosed as hyper- 
active in childhood Cognitive ability may well be an 
important predictor but better measures will need to 
be developed of key variables such as attention, cog- 
nition, problem solving ability, and impulsivity. 
Finally, all of the studies here used normal control 
groups and it will be useful to explore how hyper- 
active children. compared with other psychiatric 
groups. This will provide information about out- 
come characteristics which are specific to hyper- 
activity as opposed to those which accompany 
psychiatric and psychological disorders 1n general. 
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seizure disorders 
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SUMMARY Fourteen -aildren with various seizure disorders were studied using a cerebral blood 
flow tracer, PI iodoarphetamire (0-05 mCi/kg), and single photon emission computed 
tomography (SPECT) In the five patients with radiological lesions, SPECT showed congruent 
or more extensive abnormalities. “ive of the nine children with a normal scan on computed 
tomography had abnormal SPECT studies consisting of focal hypoperfusion, diffuse hemispheric 
hypoper-ision, multicocal and bila eral hypoperfusion, or focal hyperperfusion. A focal lesion 
seen og SPECT has been found m children with tonic-clonic seizures suggesting secondarily 
gereraksed seizures. Mor2over the pattern seen on SPECT seemed to be related to the clinical 
status. 4.1 extensive anpe rment found on SPECT was associated with a poor evolution in terms 
of mtelle>tual performance and seizure frequency. Conversely all children with a normal result 
on SPECT had less than two seizures per year and normal neurological and intellectual 


developrrent. 


The usefu ness of stud.es with positron emission 
:omogra2iy in adult e»lepey is now well estab- 
lished. 35th cerebra. me-zbolism and cerebral 
5locd ficw are significantly inz-eased during focal or 
generalisec seizures whi € both are depressed in the 
post.ctal amd interictal s-zte.^ ? The presence of the 
intecicta. abnormality 1s ~ermarkable in view of the 
fact that nevroradiologiczl techniques usually fail to 
show any structural les:cns x. patients who might 
benefit irom surgical treatment.* 

Umnfor-aately, facilities fcr positrcn emission 
tomograoiy are not wicelv evailable and remain 
very expemsive. New cerebral blood low tracers 
which are abelled with zonventicnal y zay emitters 
have been developed and allcw the use »f the single 
pho-on emission comprted temegreph.c (SPECT) 
devices oresent in mos: nuclear medicine depart- 
ments. ^h» major determinants of thz brain dis- 
tribution o these tracers ere cerebral blcod flow and 
neuronal nass.) Althoueh tris techniqie is purely 
sem quantitative, its low cost and convemience make 
it highly attractive for a widespread cCinical use. 

Studies performed in <dults using !?I .odoamphe- 
tamme end SPECT have shcwn simila: alterations 
as previously described in pcsitron emssion tomo- 
graphy. Childhood epile»sy is a complex disorder, 
as mdicated by the chaica. pleiomo-phism, the 
variety cf aetiologic faccors, and the unpredictable 


evolutions. There are only a few available data on 
abnormalities of cerebral metabolism in seizure 
disorders.’ 8 In this report we present our initial 
experience of cerebral blood flow imaging using ‘PI 
iodoamphetamine and SPECT in children with 
various seizure disorders. 


Patients and methods 


Fourteen children aged 2 months to 16 years were 
investigated after informed consent of the parents 
and according to a protocol accepted by our local 
committee for medical ethics. Nine were known and 
treated epileptics: three had tonic-clonic seizures, 
two had complex partial seizures, two suffered from 
Bravais-Jacksonian crisis, one from absences, and 
one from a Lennox-Gastaut syndrome. All were 
investigated interictally, from three days to eight 
months after the last seizure. Four children were 
studied from 12 hours to five days after their first 
tonic-clonic seizures and were free from anticonvul- 
sant treatment. One child was seen one week before 
the onset of tonic-clonic seizures. The reason for the 
examination was severe neurological hypotonia. 
Clinical data are presented in table 1. 

High purity I produced by the (p,5n) reaction 
was used to label the iodoamphetamine. Five 
children (patients 5, 10, 11, 13, 14) were given 
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Table 1 Clinical data 
Patient Age Seizures Treatment Results of 
No neurological and 
Type Age of Aetiology Frequency neuropsychological 
onset examination 
1 9 years CPS 7 years Cerebral birth 1-2/week Carbamazepine Right hemiparesia, 
injury school difficulties 
2 11 years TCS 4 years Cerebral birth 1-2/year Sodium valproate Left hemiparesia 
in 
3 12 years L-G 1 year Unknown 2-3/month Phenytoin, Mentally retarded 
sodium valproate 
4 13 years TCS 13 years Central nervous system — — School difficulties 
demyelinating process 
5 7 years TCS 1 year Tuberose sclerosis 2-3/month Sodium valproate, Mentally retarded 
nitrazepam 
6 8 years CPS 7 years Unknown 3-4/ week Carbamazepine Mentally retarded 
7 16 years B-J 1 year Unknown 1-2/year Sodium valproate Normal 
8 13 years B-J 6 years Unknown I/year Sodium valproate Normal 
9 12 years TCS 4 years Unknown 1-2/year Sodium valproate Normal 
10 2 years TCS 2 years Febrile seizure — — Normal 
11 2 months TCS 2 months Unknown — — Normal 
12 13 years TCS 13 years Unknown — — Normal 
13 6 years Absences 5 years Unknown 1/month Sodium valproate School difficulties 
14 4 months TCS 4 months Central nervous system — — Severe hypotonia 


heredodegenerative 
disease 


CPS=Complex partial serzures, TCS=Tonic-clonic serzures; B-J=Bravais-Jacksoman seizures; L-G=Lennox-Gastaut syndrome. 


pentobarbitone (Nembutal, 5 mg/kg intrarectal) one 
hour before the examination. Patients were placed 
in a quiet environment, then an intravenous line was 
inserted into the forearm. About three minutes later 
0-05 mCi/kg of PI iodoamphetamine were adminis- 
tered (with a minimum of 0-5 mCi) and after 
another 30 minutes children were taken to the 
camera room. Depending upon the child’s size, 
either the head or the whole trunk was fixed ın a 
polystyrene vacuum cushion. All the children were 
perfectly quiet throughout the examination. SPECT 
imaging was performed using an Elscint rotating 
camera and a low energy, high sensitivity collimator. 
Data for 360° were collected using 30 second frames 
and 6° increments. Transaxial and coronal recon- 
structions were calculated after a high frequency cut 
off using a Hamming-Hann filter by an Apex 415 
computer system. The transverse axis was reorien- 
tated along the orbitomeatal line. Slices were 2 
pixels thick (17 mm). After a background subtrac- 
tion of 796 of the maximum, differences of more 
than 12% between symmetrical regions of the brain 
were considered significant. Computed tomography 
was performed in the same week with the Siemens 
Somatom DRH head scanner using a standard 
technique. 


Results 


The findings on electroencephalography, computed 
tomography, and SPECT are summarised in table 2. 


A normal SPECT pattern 1s displayed in the figure 
(A). 


(1) PATIENTS WITH LESIONS ON COMPUTED 
TOMOGRAPHY (N=5) 

Two children (patients 1 and 2) who had intractable 
complex partial seizures and rare tonic-clonic 
seizures, respectively, had a large sylvian poren- 
cephalic cyst: in both cases SPECT showed a 
congruent perfusion defect. Patient 3 suffered from 
Lennox-Gastaut syndrome and mental retardation; 
cerebral atrophy was seen on computed tomography 
and a SPECT pattern of multifocal cortical defects. 
Patient 4 presented with two inaugural consecutive 
tonic-clonic seizures. Both computed tomography 
and magnetic resonance imaging showed bilateral 
periventricular abnormalities, with the magnetic 
resonance imaging contrast suggesting demyelination. 
SPECT performed five days after the last seizure 
showed buateral periventricular and left cortical 
hypoperfusion (figure (B)). Patient 5 who had 
tuberous sclerosis and mild periventricular calcifica- 
tions shown on computed tomography, suffered 
from mental retardation and frequent tonic-clonic 
seizures. SPECT showed multiple cortical and sub- 
cortical areas of hypoperfusion. 

t oo WITH NORMAL COMPUTED TOMOGRAPHY 
N=9 

(a) With focus on electroencephalography 

In patient 6 intractable complex partial seizures 
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Table 2 Rezults of electecencephalogreph-, computed tomography, and SPECT 





Patient ElectroencepjJrilography 
No 

1 Normal 

2 Normal* 

3 Bilateral das- spibe-anc-wave 

4 Ncrmal* 

5 Drfuse polyspike-and-wave 

6 Spikes at le=t temooral Normal 
7 Ncrmal Normal 
8 Narmal Normal 
9 Normal* Normal 
10 Normal Normal 
11 Normal* Normal 
12 Normal* Normal 
13 Ditfuse polyspike-ard-wave Normal 
14 Slaw backgroand Normal 


Computed tomocraphy 


Left sylvian porsncephalic cyst 

Right sylvian perencephalic. cyst 
Cerebral atroph- 

Bilateral penvemtricular hypodensities 


Perrventricular. calcfications 


lodoamphetamune-SPECT 


Left sylvan defect 
Right sylvian defect 
Multifocal cortical defects 


Bilateral periventricular and left 
cortical hypoperfusion 

Multiple foci of hypoperfusion 

Left temporal hypoperfusion 

Normal 

Normal 

Normal 

Normal 

Extensive nght hemisphenc 
hypoperfusion 

Left temporal hypoperfusion 

Left panetal focus of hyperperfusion 
belund a hypoperfused area 

Bilateral foci of hypoperfusion 


*Reeult at ume of SPECT; previots electroencephalograms had shown Jiffuse polyspike-and-wave 





Figure 
line A=rorncil tomography (patent 7), B=blateral periventricular and left cortical hypoperfusion (patient 4), C=left 
fron-oter-pordl and right pareta-eccipitai arecs of hypoperfusion (pctient 14). 


were aittinuced to a left temperal electroencephalo- 
graphic ocus. SPECT stowed a focal abnormality 
consisting 07 a left temporal hypoperfusion. 


(b) Wükcut focus on @ectrcencephalography 

Patients 7 and 8 with rane Bravais-Jacksonian crisis, 
patient € with infrequert tome-clonic seizures, and 
patient _G who was studied four days after a first 
febrile tonn-clonic seizure, had normal electro- 
encepha cgraphy and SPEC. Children 11 and 12 
were seen, respectively, 12 hcurs and four days after 
a frst tonc-clonic seizure when tie electro- 
encepha cgraphy was mormal. SPECT showed an 
extensive rigat hemispheric hypoperfusion in patient 
11 and a hypoperfusion Innited to the left temporal 





Tranzaxial SPECT snage in three cf uldren with seizure discrders Slice level ts about 4 cm above the orbitomeatal 


lobe in patient 12. The electroencephalogram 
showed bilateral polyspike and wave in patient 13 
who presented absences. Although the patient was 
asymptomatic at time of SPECT, there was an 
interse left parietal focus of increased uptake 
behind a hypoperfused area. Patient 14 had had 
seve-e neurological hypotonia since birth. Extensive 
examinations had faded to show any aetiology to 
that -disorder, which is probably degenerative in 
natu.e. SPECT showed bilateral areas of hypoper- 
fusicn (figure (C)). 


Disert ssion 


In caildhood epilepsy it is sometimes difficult to 
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confirm the existence of structural lesions, to assess 
the indication for an anticonvulsant treatment, and 
to predict the evolution of the disease in terms of 
frequency of seizures and mental development. This 
is due to the complexity of the underlying neuro- 
logical processes, as shown by the numerous clinical 
forms, patterns on electroencephalography, and 
aetiological factors, and to the relative paucity of 
information provided by conventional procedures: 
deep epileptic foci are frequently missed by routine 
electroencephalography, and computed tomo- 
graphy often fails to show small gliotic areas or 
cytoarchitectural changes. Moreover anatomic 
abnormalities seen on computed tomography or 
magnetic resonance imaging do not always corre- 
late well with climcal or electroencephalographic 
data. 9 

The early work of Plum et al has show that 
haemodynamic and metabolic changes were coupled 
dunng convulsions.! Using positron emission 
tomography, several authors have described a simi- 
lar pattern of cerebral metabolism and cerebral 
blood flow in seizure disorders.? ? The study of the 
perfusion alone can therefore be considered as a 
good approach to metabolic pertubations in 
epilepsy. 

Recently introduced techniques combining 
SPECT and flow tracers have been proposed as a 
particularly versatile, convenient, and low cost 
alternative to cerebral flow studies using positron 
emission tomography. The first available molecules 
were amines labelled with I -—iodoamphetamine 
and hydroxy iodo propanediamine—and have been 
extensively used in a wide variety of disorders of the 
central nervous system. They are now superseded 
by ?""Tc hexamethyl propylene amine oxime 
(HMPAO), which is superior for several reasons, in 
particular because of a lower cost and a lower 
absorbed radiation dose, allowing the admini- 
stration of higher activities and leading to a better 
image quality. When we started this study, how- 
ever, it was not commercially available in Belgium. 
The brain distribution of !?I iodoamphetamine 
is in first approximation flow dependent, but 
little is known about the metabolism of this 
tracer during seizures, and other factors might 
interfere.” " Data obtained using ‘I iodo- 
amphetamine and SPECT in adult epilepsy, 
however, were consistent with findings from 
positron emission tomography.” ° 

The use of SPECT in the study of children raises 
specific problems. Firstly, the effect of brain 
maturation on SPECT pattern is considerable. For 
obvious ethical reasons normal controls cannot be 
studied. Our experience, however, is in agreement 
with the evolution described ın positron emission 
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tomography and !5F2-fluoro-2-deoxy-D-glucose, 
where an adult like pattern is settled after 1 year of 
age (even though cerebral metabolism remains with 
much higher absolute levels of several years). 
Secondly, because the patients have to be kept 
perfectly immobile sedation 1s often required, and 
one can argue about the use of medication in a 
functional neurological study. Nevertheless, it is 
unlikely that SPECT regional distribution could be 
significantly influenced by single and low doses of 
barbiturates. ^16 

In the five patients with radiological lesions, 
SPECT showed congruent or more extensive abnor- 
malities. On the other hand, five of the nine children 
with normal computed tomography had an abnor- 
mal SPECT study. Two patients with generalised 
seizures, diffuse polyspike-and-wave, and a normal 
computed tomogram had a focal or a regional 
SPECT hypoperfusion. This is in agreement with 
Podreka et al who have found, using SPECT and 
HMPAO, a high incidence (78%) of abnormally 
perfused regions in tonic-clonic seizures." In 
patient 10 with absences and bilateral polyspike- 
and-wave, there was a hyperperfused focus. 
Interictal focal hyperperfusion has been described in 
patients suffering from complex partial seizures 
during spontaneous interictal bursts of focal 
electrical discharges and, ? more recently, in a 
patient studied several hours after a tonic-clonic 
seizure in a state of psychomotor agitation, impaired 
consciousness, and with generalised paroxysms 
shown on electroencephalography.!” 

The ability of SPECT imaging to detect lesions 
not visualised by conventional procedures has 
potential diagnostic, therapeutic, and prognostic 
implications. The discovery of an interictal focus of 
hypoperfusion of hyperperfusion could help to 
assess the epileptogenic nature of ictal like phe- 
nomena. A focal abnormality in children with 
absences or tonic-clonic seizures could target the 
treatment towards focal epilepsy. In intractable 
seizures, surgical procedures could integrate the 
data from SPECT: limited resection or corpus 
callosotomy might be proposed in focal or diffuse 
hemispheric involvement. An extensive SPECT 
impairment is probably associated with a severe 
brain dysfunction and a poor clinical evolution in 
terms of intellectual performance and seizure 
frequency. Indeed, in our limited series the SPECT 
pattern was intimately related to the clinical status: 
school difficulties, mental retardation, frequent 
seizures, and neurological deficit were found in 
eight of 10 patients with abnormal SPECT, and 
conversely, ali children with normal SPECT had less 
than two seizures per year and normal neurological 
and intellectual development. 
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Randomised controlled trials of phenobarbitone and 
valproate in febrile convulsions 


R W NEWTON 
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SUMMARY Results from British trials of phenobarbitone and valproate for the prophylactic 
treatment of febrile convulsions were pooled and analysed on an intention to treat basis. The 
overall odds ratio for phenobarbitone was 0-8 and for valproate 1-42. Neither result was 
significant. Neither treatment can be recommended in the light of experience. 


Controlled trials of drug treatment are usually 
pragmatic studies of treatment practice, and analysis 
should then be on an intention to treat basis. The 
question being asked is whether the intention to 
treat a population of children with febrile fits with 
anticonvulsants reduces the risk of recurrence 
relative to that 1n a control group. Many trials have 
excluded children from analysis who did not take 
their medication through either poor adherence to 
instructions or side effects. Analysis on this basis 
answers the question of whether risk of recurrence is 
reduced in quite a selected population which is 
difficult to define in advance. 

Analysis on an intention to treat basis demands 
that children are analysed with the group to which 
they were originally allocated. Invanably some 
children are lost to follow up and available resources 
make this difficult to overcome. An assumption 1s 
usually made in the analysis that no bias has been 
introduced through this happening. Studies have 
shown apparently conflicting results. This is often 
due to small study groups either exaggerating or 
overlooking clinical benefit due to the play of 
chance. Pooled analysis leaves less to the play of 
chance by increasing the study population size. The 
method used is similar to that used in multicentre 
trials. Within centre differences between study and 
control groups become within study differences that 
are estimated and then pooled. An overall odds 
ratio (relative risk) 1s provided. This is the risk of 
recurrence in the treatment group relative to controls. 
An odds ratio of unity thus will signify no difference. 
An odds ratio of less than unity suggests some 
treatment benefit; greater than unity no. benefit. 
When the odds ratio and its 95% confidence interval 
he entirely to one side of unity the result ts 
significant at p<0-5. 


The method assumes data from all tnals are 
available. None must be omitted because they 
showed negative results and were therefore unpub- 
lished. The method does not assume that one trial 1s 
directly comparable with another, but does assume 
the true odds ratio to be the same for each. 


Method 


Statistical analysis was identical to that used by 
Collins et al.’ Six British trials of phenobarbi- 
tone? ? * were identified and four of valproate * *® 
The table summarises data from the trials. 

Trials were identified through a computerised 
literature search. Those unpublished were identified 
by writing to all members of the Bntish Paediatric 
Neurology Association and paediatricians known to 
have participated in such work. 

Children were reallocated to the groups to which 
they were originally assigned before reanalysis of 
data. Details were usually available from the paper 
itself or clarification was sought from the authors. 
Data 1n all but one paper can be confirmed.’ 


Results 


The numbers in each trial and recurrences in each 
study group are summarised in the table. The 
pooled analysis of the phenobarbitone and valproate 
trials ıs summarised in the figure. 

For phenobarbitone the odds ratio varied from 
0-42? to 2-077. in two it was less than unity and in 
four greater. The overall odds ratio for the 535 
children was 0-8 (95% confidence interval: 0-53 to 
1-20) a non-significant result Sixty six of the 296 
(2276) treated children had recurrences compared 
with 58 of 236 (2596) controls. 
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Table Chawa-tzristics of raidorz.szd. controved British tnals of phenobarbitone or valproate, or both, in febrile 





convul-ions 
Study Age on Foilow. up No of patients No of recurrent 
(referenze) entry period follcwed up febnie convulsions 
Treated Control Treated Control 
Phenobarbitote inals 
: 6 months-3 years 6 mon.hs 88 73 10 14 
3 6 months-4 yzars 6 morr.hs 51 10 14 2 
y <24 months 12 moaths 50 45 10 15 
6 6-18 months Mean >f 13 5 months 23 21 4 7 
4 6—42 months 24 moaths 43 27 16 6 
: 6-72 months Mean of 30 months 4l 60 12 14 
Overall 296 236 66 58 
Vayproee tricis 
1 6 months-6 yezrs 12 moaths 30 28 8 9 
: 6 months-6 yeers Mean of 13 5 months 20 21 1 7 
* 6 months-6 yzzrs 24 moaths 45 27 20 6 
3 6 months-6 yszrs Mean of 30 months 50 60 20 14 
Overall 145 136 49 36 





Plasma drug coacentrations were measured in eack trial except that of Bacon et aP which measured salivary concentrations 


With val2roate the odds-ratio varied from 0-11° to 
2-8,’ in two :r was less than unity and in two greater 
The overal adds ratio was 1-42 (95% confidence 
intervel: 0-85 to 2-36), also a non-significent result. 
Forty nine of 145 (344; treated children had 
recurr 2nce3 compared with 26 of 136 (26% controls. 


*henobarbitone * 


3eduze +m Incidence -— Increase 
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Pooled British odds ratio 
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Pooled British odds ratio 


1 4 3 4 56789 
Odds ratio and 95**« ccnifrdence inte val — 
Figure Pocled odds ratio of rezurrent fit in rancomised 
controled tra‘: of phenobarbicne cad valpioate. with 95% 
confidence ler.ts. 
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Discussion 


Only the British experience has been considered as 
the logistic problems in identifying unpublished 
trials showing negative results on a world basis 
seemed insurmountable. The analysis shows well 
how small study groups serve to exaggerate benefits 
or drawbacks of treatment. All the trials have been 
too small for paediatricians to use their findings with 
confidence. 

Pooled analysis of the British experience fails to 
show any overall value in deciding to treat children 
Who have febrile convulsions with anticonvulsants. 
The resu.ts do suggest that phenobarbitone might 
prevent as many as half the recurrences but they 
establish that any benefit from valproate is likely to 
be unacceptably small 

The overall risk of recurrence 1s 26%. If the odds 
ratio of 0-8 for phenobarbitone trials were significant 
one would have to give anticoagulants to 100 
children to stop five having a recurrence. 

With side effects reported in up to 40% of the 
treated group it must be concluded that prophylactic 
treatment for febrile convulsions cannot be recom- 
mended. Alternative methods of treatment must be 
assessed such as the administration of rectal diazepam 
in those particularly at risk of recurrence. Meanwhile 
clear advice to parents on the first aid management 
Of a seizure and how to gain access to medical care 
remain most important. 


I would like to thank the members of the British Paediatric 
Neurology Association and Drs Doug Addy, John Williams, and 
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Prognosis of partial epilepsy 


G PORRC, M MATRICARDI, V GUIDETTI, AND P EENEDETTI 


Instituto di Neuropsichiatr c, Rome, Italy 


SUMMARY The prognos.s of partial epilepsy in childhood (excluding cases of benign partial 
epilepsy) was studied; tte average follow up period was 7-4 years. Improvement rate of seizure 
status was 32-376. We studiec favourable prognostic fectors and found that those most often 
associated with seizure imp:ovement were familial convulsions and idiopathic forms, no 
generalised seizures befcre par-ial onset, low frequency of seizures after 12 months of treatment, 
short dura-ion of epilepsy, and no background activity atncrmalities on electroencephalography. 
We also observed such factors as mental retardation, nearological abnormalities, and behaviour 
and cognitive disorders. actors that determined the prognosis for social adjustment were similar 
to those fo- seizure improvement. We discuss the favourable prognosis of partial seizures in 


childhood and the preci-tivz factors. 


Partial epileptic seizures c ciüdhood are quite 
common representing, acco-ding -o various authors, 
from 40951? to 7095? ^ of th= whole range of 
epileptic fo-ms found among ch Hren. The litera- 
ture on pardal epileptic se-zures has focused upon 
the electrcc inical character stics ci the single forms 
particularly t30se with complex <ym>tomatology>* 
and on the efficiency and the site effects of 
antiepileptic treatment.” !! There appear to be few 
studies, hovever, on the proznosss of this syndrome 
in children. 

The past pervasive temtency to consider the 
progrosis for partial seizures as much less favour- 
able than tha: for generalisec seizures has now been 
re-examined. Favourable ovtcom ez of seizure symp- 
tomatology in childhood heve tesa seen in at least 
two thirds o? such patients.* 7 ^ There is favourable 
progrosis for social adju-tmer and intellectual 
developmert as well. Some autko-s found that one 
third or fewer patients had dtficulties in social 
adjustment, whether or not they were associated 
with mental retardation.* 9 Y In -his study we have 
given special regard to tle evolution of seizure 
symp-omatclogy and to asscciaced disturbances 
(that is, mental retardation, neurzlogical abnormali- 
ties, behaviour and cognitive dis-rders) which com- 
promise or hinder social ad ustment Furthermore 
we tried tc establish which mmuial electroclinical 
characteristcs and which coursc patterns have the 
greatest inf uerce cn seizu-e outcome, in order to 
define poss ble predictive tectors for patients with 
this type oZ seizures. 


Patients and methods 


We stud:ed 261 consecutive patients (136 males and 
125 females) with partial epilepsy, who presented 
with seizures, on at least two separate occasions, 
that were not symptomatic of acute cerebral altera- 
tions of a febrile, toxic, or metabolic nature. The 
age of appearance of partial seizures ranged from 10 
months to 13 years (average age 4-9 years). We 
excluded all patients with benign partial epilepsy 
or with partial epilepsy constantly associated with 
generalized seizures. The average duration of the 
fcllow ud period was 7-4 years. All the patients were 
having entiepileptic treatment, and the blood con- 
centrations were periodically reviewed, all the 
patients urderwent at least semiannual clinical and 
electroeacephalographic examinations (in waking 
and sleeping conditions). Eighty nine patients pre- 
sented with partial seizures with elementary symp- 
tamatology; 109 with partial seizures with complex 
symptomatology; and 63 with partial seizures secon- 
darily generalised Aetiological prenatal, perinatal, 
or postratal factors were present in 112 cases: 62 
patients had birth injuries, 31 head traumas, and 19 
infectious pathologies of the central nervous system 
with contemporary or subsequent onset of partial 
seizures 

We divided the whole sample into two main 
groups according to seizure outcome at the fifth 
fellow up year.! Improved cases included patients 
whose frequency of seizures was reduced by at least 
two thirds of the first year frequency and patients 
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who presented stable remission of convulsive symp- 
tomatology for at least two years.^ Patients who 
were worse had an unchanged or a higher seizure 
frequency than at onset or had a seizure frequency 
not less than monthly. 

We studied neurological and mental evolution in 
relation to the constant and stable presence of 
mental retardation of various levels (IQ <80), 
permanent neurological abnormalities (hemiplegia, 
tetraplegia, etc), behaviour disorders considerably 
affecting social adjustment (for example, childhood 
hyperkinesia, uncontrolled aggressiveness, etc), and 
cognitive disorders 1n absence of mental retardation 
(for example, speech and learning disabilities). 

We observed the evolution of the electroencepha- 
lographic tracings in relation to the initial focal 
location; to possible regional, contralateral, or 
intrahemispheric migration; and to normalisation. 

We investigated factors predictive of seizure 
outcome and of neurologic and mental evolution by 
correlating the trend of convulsive symptomatology 
at the end of the observation and the neurological 
and mental abnormalities, and behaviour and cogni- 
tive disorders, with the following initial and course 
characteristics: type of partial seizures, aetiology 
and/or positive family history of convulsions and/or 
epilepsy in first and/or second degree relatives, 
predating generalised seizures and febrile convul- 
sions, age at partial seizure onset, initial seizure 
frequency, initial patterns on electroencephalogra- 
phy, frequency of seizures after 12 months treat- 
ment, duration of epilepsy (that is, the period 
between the first and the last partial seizure), and 
stable and persisting abnormalities in background 
activity on electroencephalography (such as diffuse 
stable delta activity). 

Finally, we correlated seizure outcome with the 
patients' neurological, mental, and electroencepha- 
lographic results. We used the X? test for comparison 
of percentages, resorting to the Yates’s correction 


Table1 Location of initial foci, migration, and normalisation 


Location Initial foci 

Total Normalisation 

No No (%) 
Frontal 45 18 (40) 
Panetal 30 15 (50) 
Occipital 28 16 (57) 
Temporal 121 41 (34) 
Henuspheric 31 18 (58) 
Multifocal 6 1 (17) 
Total 261 109 
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factor when more than 20% of the observed 
numbers was equal to or lower than 5 Differences 
in p values equal to or lower than 0-05 were 
considered significant. 


Results 


(1) SEIZURE OUTCOME AT THE END OF THE FOLLOW UP 
PERIOD 

At the end of the observation period, 153 patients 
had been free from seizures for at least two years; 61 
had an improvement of initial seizure frequency; 36 
had an unchanged seizure frequency; and 11 had a 
higher seizure frequency compared with that at 
onset. 


(2) EVOLUTION OF ELECTROENCEPHALOGRAPHIC 
TRACINGS AT THE END OF THE FOLLOW UP PERIOD 
(TABLE 1) 
In 109 patients the electroencephalographic tracings 
had become normal, 140 had focal specific abnorma- 
lities, and 12 had multifocal specific abnormalities. 
During the follow up period transient multifocal 
activity was seen in 20 patients; this activity was then 
replaced by migrating focal activity. Of the whole 
sample, 83 patients presented subsequent migration 
of the electroencephalographic focus and 31 of them 
had normal tracings at the end of the follow up. 
Among the patients without subsequent migration 
of the initial focus (178) electroencephalography 
became normal in 77. In most cases the initial 
locations of foci, subsequently normalised, were 
parietal, occipital, and frontal. The percentage 
becoming normal was very low, however, in subjects 
with focal initial location in the temporal area, both 
in the case of subsequently migrating foci (12/45, 
27%) and of foci stable in time (29/76, 38% ). The rate 
that the tracings became normal did not differ in the 
two groups (constant foci and migrating foci) either 
in relation to the total number of cases or to single 
initial location of foci on electroencephalography. 


Migration No migration 

Total Normalisation Total Normalisation 
No (%) No (%) No (%) No (%) 

18 (40) 6 (33) 27 (60) 12 (44) 

6 (20) 5 (83) 24 (80) 10 (42) 

8 (28) 5 (62) 20 (72) 11 (55) 

45 (37) 12 (27) 76 (63) 29 (38) 

6 (19) 3 (50) 25 (81) 15 (60) 
— — 6 (100) 1 (17) 

83 31 178 78 
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(3) FACTORS IFFLUENCING SEI z JRE OUTCOME AND 
NEJROMENTAL EVOLUTION (FEEDICTIVE FACTCRS) 
Data resulting from compa-t)n cf initial and course 
characterisizs and final on-come of seizures are 
shown in table 2. No sign-fcanz2 was achieved for 
febrile convcIsions predatrg partial cnset, seizure 
initial frequency, and the inittal pattern on elec- 
troencephalozraphy. With regard <o nevromental 
evolution at the end of t12 fallow up period 130 
patients hed at least one >£ the folowing disturb- 
ances: 44 atents had namel retardation, 49 
neurological abnormalities, 45 behaviour disorders, 
and 43 cognrive disorders 

When we compared cha-acteristics fourcd initially 
and durinz tne follow 15 genod wita mental 
retardatior «e found the f5 wing associetions. (1) 
Type of seizure: partial seizures with elementary 
symptomatology, mental retarcetion was found in 
17/89 patiea-s (1995); part £l seizures wit complex 
symptomatology, 24/109 (22%); and pertiel seizures 
secondarily generalised, 3°6= (396) (p<0 025). (2) 
Aetiology: zscertained aeaology, 177/0 patients 
(24%); asce—ained aetiolcgy plus a positive family 
history, 132? (31%); pos tive family his-ory, 5/59 
(8%); and id cpathic forms. 3/92 (1096) (p<0-005). 


(3) Age at seizure onset: 0—4 years, 29/118 patients 
(25%) zad 4-12 years, 15/143 (11%) (p<0-01). (4) 
Frequency of seizures after 12 months’ treatment: 
high, 21/51 patients (41%); medium, 9/60 (15%); 
and lov, 14/150 (996) (p«0-0005). (5) Duration of 
epilepsz: two to four years, 16/147 patients (1196) 
and four to 13 years, 28/114 (25%) (p<0-005). (6) 
Background activity on electroencephalography: 
present, 15/30 patients (50%) and absent, 29/231 
(13%) (p«0-0005). No differences were found 
for the 1nitial frequency of seizures. 

When we compared the charactenstic found with 
neurolcgical abnormalities we found the following 
associations. (1) Type of seizure: partial seizures 
with elementary symptomatology, neurological 
abnormalities were found in 24/89 patients (27%); 
partial seizures with complex symptomatology, 29/ 
109 (2020); and partial seizures secondarily general- 
ised, 3.63 (5%) (p<0-005). (2) Aetiology: ascer- 
tained aetiology, 24/70 patients (34%); ascertained 
aetiology plus positive family history, 11/42 (26%); 
positive family history, 6/59 (10%), and idiopathic 
forms, 8/90 (9%) (p<0-005). (3) Age at seizure 
onset: ‘+4 years, 33/118 patients (28%) and 4-12 
years, 6/143 (11%) (p<0-001). (4) Frequency of 


Table2 Inti and course cheraztecutics compcred with seizure outcoms* 


Total 
No 
Type of seizure: 
Partial elewentary 89 
Partial com-lex 109 
Partial seco3darily generalisect 63 
Aeti»logy: 
Ascertaired aetiolcgy 70 
Ascertairel aetiolcgy + posve family history 42 
Positive -amily history 59 
Idiopathi- forms 90 
Geaeralised seteures predating pa-tal onset 
Present 23 
Absent 238 
Age at onset 
D-4 year: 118 
4-12 years 143 
Frequency of seizures after 12 merths treatment} 
51 
Medium 60 
Low 150 
Duration of cpi epsy 
2-4 year: 147 
4-13 yeas 114 
Background zccwity on electroer cepa cgraphy: 
Present 30 
Absent 231 


*No significar czs were achieved H ebale convulsioas predacng partial onset, seizure initial frequency, and mitral pattern on electro- 


encephalography 


No (%) who No (%) who p Value 
improved worsened 
(n=214) (n=47) 

71 (80) 18 (20) 

85 (78) 24 (22) NS 
58 (92) 5 (8) 

50 (72) 20 (29) 

29 (69 13 (31 

53 a 6 o ioa 
82 (91) 8 (9) 

9 (39 14 (61 
205 o 33 Th Menus 
89 (7 29 (25 
125 fo 18 n TUR 
27 (53) 24 (47) 

49 (81) 11 (19) 0-005 
138 (92) 12 (8) 
136 (93 11 (8 

78 (68) 36 (2) po 
20 (6 10 (33 ; 
194 (84) 57 (1) p 


+Partal secor derily generalised 7 part elementar~ + partial complex, p—0-(2 
iHigh-multidarv, daily, or weexty imedum-íortnghtly, monthly, or quarerly, and low=ax monthly or yearly 


;* 


d 


seizures after 12 months' treatment: high, 16/51 
patients (3126); medium, 9/60 (1576); and low, 
24/150 (16%) (p<0-05). (5) Duration of epilepsy: 
two to four years, 21/147 patients (14%) and four to 
13 years, 28/114 (2596) (p«0-05). (6) Background 
activity on electroencephalography: present, 15/30 
patients (50%) and absent, 34/231 (15%) 
(p<0-005). No differences were found for the initial 
frequency of seizures. 

When we compared the characteristics found with 
behaviour disorders we found the following associa- 
tions. (1) Type of seizure: partial seizures with 
elementary symptomatology, behaviour disorders 
were found in 16/89 patients (18%); partial seizures 
with complex symptomatology, 26/109 (24%); and 
partial seizures secondarily generalised 3/63 (5%) 
(p«0-01). (2) Aetiology: ascertained aetiology, 
17/70 patients (24%): ascertained aetiology plus a 
positive family history, 12/42 (29%); positive family 
history, 6/59 (10%); and idiopathic forms, 10/90 
(11%) (p<0-025). (3) Frequency of seizures after 12 
months’ treatment: high, 15/51 patients (29%); 
medium, 10/60 (17%); and low, 20/150 (13%) 
(p<0-05). (4) Duration of epilepsy: two to four 
years, 13/147 patients (9%) and four to 13 years, 
32/114 (28%) (p<0-005). (5) Background activity on 
electroencephalography: present, 10/30 patients 
(33%) and absent, 35/231 (15%) (p«0-025). No 
differences were found for the age at seizure onset 
and for the initial frequency of seizures 
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When we compared the characteristics found with 
cognitive disorders, the only significant association 
was in the type of seizure, with partial seizures with 
elementary symptomatology (18/89, 20%) and par- 
tial seizures with complex symptomatology (21/109, 
19%) having a preater association than partial 
seizures secondarily generalised (4/63, 6%) 
(p<0-05). 


(4) PARALLEL COMPARISON OF SEIZURE OUTCOME, 
NEUROLOGICAL AND MENTAL STATE, AND THEOUTCOME 
OF ELECTROENCEPHALOGRAPHIC TRACING 

Data are shown in table 3. No significant difference 
was found when we compared seizure outcome with 
neurological abnormalities, with foci migration 
shown on electroencephalography, and with the 
location of the initial foci shown on electroencepha- 
lography. 


Discussion 


In this series the outcome of patients with partial 
seizures was encouraging, remission of seizures for 
at least two years occurred in 59%. On the total 
sample, 17% had mental retardation, 19% had 
neurological abnormalities, and 17% had behaviour 
disorders. These data match the observations re- 
ported by other authors.* ” 

The results on electroencephalography and the 
clinical course tended to parallel each other, 


Table3 Comparison of seizure outcome, neurological and mental state, and outcome of electroencephalographic 


tracing" 
Total No (%) who No (%) who p Value 
No unproved worsened 
Seizure and neurological and mental state outcome 
Mental retardation: 
Present 44 26 (59) 18 (41) 0-0005 
Absent 217 188 (87) 29 (13) 
Behaviour disorders 
Absent 216 185 (88) 31 (14) 
Cognitive. disorders: 
Absent 218 189 (87) 29 (13) 
Seizure and outcome of electroencephalographic tracing 
Final patterns 
Normal 109 105 (96) 4 (4) 
Focal abnormalities 140 105 (75) 35 (25) 0-0005 
Multifocal abnormalities 12 4 (33) 8 (67) 
Migrating foci: 
No normalised 52 39 (75) 13 (25) 
No migrating foci 
No normalised 101 72 (71) 29 (29) 


"No significances were found for comparison of serzure outcome with neurologic abnormalities, with foci migration seen on 
electroencephalography, and with location of initial foci seen on electroencephalography 
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although the percentage cf iprovemenz in convul- 
sive symo:omatology exceeded the vaues of the 
normalisetion of the elezcroeazerhalog-aphic trac- 
ing. This frding is par-kulzrly stressed in other 
studies on pertial seizures. ^? ! 

The temporal area was the most frequent location 
of focus shown on clectroencephalcgraphv in 
accordance with Scarpa." Pat.ents with “he focus in 
this area alze presented ‘te 1cwes- value of norma- 
lisation on electroencepFalography. such as that 
found in pazents with mvlifocal tracings Migration 
frequencr of foci with irrial <emporal bcation did 
not differ from migration frequency of foci in the 
other iccatio3s, although “he 3ormalisat on percen- 
tage was rruch lower. Patiemn-s with tenporal foci 
that did not migrate kad che lowes value of 
normalisetian; however, z less favourable trend of 
convulsive symptomatolcgy did not corelate with 
these velues. 

Focal migration was nct, by itself, asscciated with 
tracing normalisation at the end of the follow up 
period, no- with improvemen: of convusive symp- 
tomatology Kitagawa Les rctec that temporal, 
multifoca., end migratinz tracings tead to less 
favoura [= evolution.! 

As for predictive factcrs cf seizure outcome, we 
found that én ascertained aetiology led to unfavour- 
able seiziz2 outcome. Ihe presence of both a 
positive farily history zrd ascer:ained. aetiology, 
however, led to poor outccme. It is possi»le that the 
addition cf orain insults t» the genetic disposition to 
convulsions is responsibl2 for the increase and the 
persistence n time of a ccnvulzive :endercy. On the 
contrary, the absence of ascertained aetology, and 
the presence of a positive family history were often 
associatec with definitely favourable oatcome, as 
other auth-rs have founc.® ^ P? 

Poor ccrtrol of seizures despite the irtroduction 
of antiep leptic treatment, was a very important 
factor in the subsequent evolution, whereas initial 
seizure frequency did nct seem to influence prog- 
nosis. Otae- authors differ in cher observation of 
this. 

A norma. initial tracing on electroencephalogra- 
phy had m 2rognostic values: ir fact, in cur sample, 
all the patients presentiaz normzl init&l tracings 
subsequemtiy presented focal activity The persist- 
ence of statle abnormalinizs 1n background activity 
on electroznzephalograpiry was an unfavourable 
influence on seizure ovtcome. “tus finding has 
already teen reported in ocher studies on the 
prognosis of epilepsy and -£ thus confirmed as well in 
partial seizares of childhccd.!^ '8 Factors predictive 
of unfavourable seizure cartcome were: early onset, 
presence of generalised szizures predating partial 
seizure oraset, and long curezion of ep lepsy. 


We found a more favourable seizure outcome for 
partial seizures secondarily generalised compared 
with partial seizures with elementary symptom- 
atology and partial seizures with complex symptom- 
atology Some authors report a more favourable 
outcone for complex seizures,° !8 and others agree 
with cur results for partial generalised ones.!* 1° We 
think that the presence of significant differences in 
the guoup with partial seizures secondarily general- 
ised compared with the two other groups in our 
sampis 13 due to the coexistence, in the groups with 
partia: seizures with either elementary or complex 
symptomatology, of other types of partial seizures. 
In fac, it ıs well known that a stable association of 
various types of partial seizures is responsible, by 
itself, for a less favourable outcome.!^ '? 

Predictive factors associated with unfavourable 
seizur? trends were also associated with neurological 
abnormalities, mental retardation, and behaviour 
disorcers. In many cases, patients with unfavourable 
seizure outcome were those presenting with an 
association of the above mentioned disorders. In our 
sampls mental retardation and neurological abnor- 
malities were less frequent than usual (17% and 
19% respectively), and they were evident before the 
onset 5f partial seizures. They were associated, but 
not causally related, with unfavourable seizure 
trends; this probably depends upon the amount of 
basic brain involvement, in accordance with the 
findins of Sofiyanov.* The low incidence of mental 
retardation and neurological abnormalities, and the 
lack o7 a causal relation between partial seizures and 
these pathologies, give evidence of the relative 
benigrity of partial seizures in childhood. 

There was no significant association between the 
preserce of cognitive disorders and the characteris- 
tics fcund initially and throughout the follow up 
period. Speech and learning disabilities 
existed independently of characteristics linked 
with epileptic state. The percentage of cognitive 
disord=ts ın our sample was similar to that in the 
generzl population. The outcome of partial seizures 
(even when benign epilepsies nosographically 
recogrised are excluded) seems to be more favour- 
able im childhood than among adults. We suggest 
that there exists a higher frequency of benign partial 
seizures among children, especially if they bear 
‘lesional’ characteristics, than has previously been 
recogrised.? ?) 

In conclusion, the main factors affecting a favour- 
able prognosis are the following: (a) a family history 
positive for convulsions and the lack of ascertained 
aetiolcgv; (b) absence of generalised seizures pre- 
dating partial onset; (c) low seizure frequency after 
12 months! treatment; (d) short duration of 
epilep: y: (e) absence of background activity abnor- 


malities on electroencephalography; and (f) absence 
of mental retardation, neurological abnormalities, 
or behaviour disorders. The following factors seem 
to have no determining influence on the prognosis: 
(a) presence of febrile convulsions predating partial 
onset—age at onset; (b) initial seizure frequency; (c) 
initial tracings on electroencephalography; and (d) 
presence of cognitive disorders. 
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Plasma testosterone in preterm infants with 


cryptorchidism 


B A BAXER,* R MCRLEY,* ANC A LUCAS*+ 
*MRC Dunn Nutrition wat and * University Department of Paediatrics, Cambridge 


SUMMARY Cryptorchxiism is common in infants bern preterm, yet the mechanism for its 
occurrence is still debated In a study of 21 premature babies with cryptorchidism at 18 months 
post-term and 21 case matched con'rols, cryptorchid 2reterm infants failed to show the normal 
rise in plasma testostercne in the ficst postnatal week. This rise is thought to relate to residual 
maternal human choriocic gonadotrophin in the neonatal circulation. Infants with cryptorchidism 
also failed to show th> ater testosterone surge in the second month which has been related to 
endogenous gonadotroxhiai release. We speculate that inadequate stimulation of testosterone 
release by human chot:onxc gonado-rophin in the fetus might contribute to the pathogenesis of 
cryptorcLidism in preterm infents. Our findings have implications for the medical treatment or 
possible prophylaxis of undescended testes in premature babies. 


Cryptorchidism has recei7ed consideratle scientific 
attention, yet its aetioloz" is still debated. Substan- 
tial evidence supports ihe view that there is an 
underlying disturbance cf tes-osterone end gonado- 
trophin secretion in ths condition." ^ In normai 
term and preterm infarcts iigh coaceatrations of 
plasma testosterone, close *o adult values, are found 
during the first postnatal week, in association with 
residual human chorioic ronadotrophin in the 
neonatal circulation.’ é Subsequently. plasma testos- 
terone concentrations fall, orly to mse again in the 
second month under the in-luence of an 2ndogenous 
su-ge in liteinising hormcne.*~’ In cryotorchidism 
this later surge in both Liteinismg hcrmone and 
testosterone is diminisbec.!? Moreover, there is 
evidence that from infan-7 to puberty, caildren with 
undescenced testes hav2: -educed Inte nising hor- 
mone responsiveness to .uteinisinz hormone releas- 
ing hormcne and reduced testosterone responsive- 
ness to human chorionic zcaadctroph3n.? ? 
Previous endocrinologicel studies on cryptorchid- 
ism have 7ocused primazil* cr infants >orn at full 
term. We have reported < very high nxcidence of 
cryptorchidism in premzture babies at 18 months 
corrected age, reaching 13% in infants >f less than 
1000 g bir-h weight.!? The ae-inlogy of cryptorchid- 
ism in this special, high rsk grcup has received little 
attention. In this study we a27e investigated plasma 
testosterone concentrators during the first three 
months postpartum in 2l preterm mfants with 
crvptorchidism and in 21 case matched controls. 


Subjects and methods 


The study population included 21 babies born 
pretecm, at a mean (SE) gestation of 30 (0-4) weeks, 
who were found to have cryptorchidism at 18 
months’ corrected age. Clinical details of these 
infans have been described. Ten subjects had 
bilate-a. and 11 subjects unilateral cryptorchidism. 
Vencus blood samples from these infants were 
availzble until they were discharged from hospital, 
at a median age of 40 days (range 17-90). Samples 
were taken at mean postnatal ages of 2 and 5 days, 
and then weekly until discharge. 

A turther group of 21 control infants were 
studied, each of whom had been matched carefully 
with an index case for (in order of priority) 
gestaon, birth weight, duration of ventilatory 
assistance and, in view of the evidence that photo- 
therany may induce gonadotrophin release," the 
cases were matched also for duration of photo- 
therany. 

Venous plasma samples were collected, without 
haemolysis, into cooled heparinised tubes, centri- 
fuged at 4°C, frozen within 30 minutes of sampling, 
and sored at —20?C. Plasma testosterone concen- 
tration was measured in duplicate 60 ul samples, by 
radio mmunoassay after extraction into diethyl 
ether using the method described by Wheeler and 
Luther ^? The sensitivity of the assay was 0-1 nmol/l. 
The zntiserum cross reacted with. dihydrotestoster- 
one (20%), but had negligible cross reactions with 
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androstenediol, androstenedione, oestradiol, prog- 
esterone, and cortisol. 

Statistical analyses were performed using Stu- 
dent's t test and, when data sets were highly skewed, 
the Mann-Whitney rank sum test. 


Results 


Mean gestation, birth weight, days of mechanical 
ventilation required, and days of phototherapy were 
compared in index cases and controls, who were 
closely matched for these factors; the results are 
shown in the table. 

The figure shows plasma testosterone concentra- 
tions 1n index cases and controls at mean ages of 2 
and 5 days, weekly from week two to six and beyond 
week six (mean age 67 days; maximum 85 days) As 
samples were not always available at all periods for 
each subject unpaired ż tests (or rank sum tests) 
were used for statistical comparisons. The decrease 
in sample numbers beyond week five resulted from 


Table Mean (SE) birth weight, gestation, days of 
mechanical ventilation, and days of phototherapy in 21 
preterm infants with cryptorchidism diagnosed at 

18 months’ corrected age, and in 21 case matched case 
controls without cryptorchidism 


Index cases Controls 

(n==21)} {n=21) 
Birth weight (g) 1318 (56) 1339 (56) 
Gestation (weeks) 30 (04) 30 (0-3) 
Ventilation (days) 4 (1) 4 (1) 
Phototherapy (days) 3 (05) 4 (07) 


3 






a 


— 


Testosterone concentration (mmo) 


30 40 
Mean age (days ) 


Figure Plasma testosterone concentrations in preterm 
infants with cryptorchidism diagnosed at 18 months’ 
post-term (closed squares) and in case matched infants 
without cryptorchidism (open squares) at eight periods 
during the first three months postpartum Asterisk indicates 
significant differences between index cases and controls 


discharge of some subjects from hospital. In the last 
period, six subjects in each group remained in the 
study and the testosterone value for each subject 
was the mean for samples taken beyond week six. 

At 2 days, index cases had significantly lower 
mean (SE) concentrations of plasma testosterone 
than controls: 8-6 (1:5) compared with 15-7 (2.6) 
nmol/l, p«0-01. In the controls a nadir in plasma 
testosterone concentration had been achieved by 11 
days with a highly significant fall in testosterone 
values to 4-0 (0-4) nmol/l, p<0-001. In contrast, the 
fall in plasma testosterone in the index cases over 
this period to 5-0 (1-2) nmol/l did not reach 
significance. In the controls, plasma testosterone 
concentrations rose from the 11 day value to 8-0 
(1-1) nmol/l in week five (p<0-001) and to 11-4 (1-5) 
nmol/l beyond week six (p<0-001). The index cases, 
however, showed no significant rise in plasma 
testosterone concentration during this period. 
Beyond six weeks, the difference in values between 
index cases and controls—11-4 (1:5) compared with 
7-1 (1-3)—reached significance (p<0-05). 

No relationship was found between plasma testos- 
terone concentrations and the duration of photo- 
therapy 1n any of the postnatal groups studied. 


Discussion 


We have shown that preterm infants in whom 
cryptorchidism was diagnosed at 18 months post- 
term failed to develop the normal testosterone surge 
in the second postnatal month. Thus preterm infants 
with undescended testes appear to be similar in this 
respect to full term infants with this condition.! ? 
There have been no previous reports, however, in 
either term or preterm infants with cryptorchidism, 
on plasma testosterone concentrations in the period 
immediately postpartum. We observed that preterm 
infants with this condition showed no primary nse of 
plasma testosterone, normally seen in both term and 
preterm infants early in the first week after birth,° 
and indeed seen in the case matched controls in this 
study. 

We have observed that, below 32 weeks' gesta- 
tion, there is an abrupt rise in the incidence of 
undescended testes. These data raised the ques- 
tion of whether the aetiology of cryptorchidism in 
preterm infants differed from that in infants born at 
term. Our data suggest, however, that a diminution 
Of testosterone release is a consistent feature in 
cryptorchidism, even if it occurs in the preterm 
infant. It might be supposed that such reduced 
testosterone secretion reflected a more general 
immaturity of the Leydig cells or the hypothalamus- 
pituitary-gonadal axis in babies born preterm. Yet 
our matched controls showed an early rise in plasma 


1200 Baker, Morley, cna Luzas 


testosterone concentret on, anc Forest and others 
have shcwn that the su-ge in testostercae seen in the 
second nonth is normal” higher m preterm than in 
term, male infants witt ctt undescended testes.? We 
have considered the pess bı ity that crzptorchidism, 
et least in premature 2a5ies, may no be due to a 
primary endocrine defectin the infant but to a lack 
of a stimulatory influer ce that should Lave occurred 
in utero. Our data cttiined on the second day 
postpartum are relevant 1n this respectzthe relatively 
low corcentrations cf plasme testosterone im- 
mediately after birth ia babies with cryptorchidism 
could imply that inadejtate release o: testosterone 
iaduced bv maternal choncnic gonadotrophin in 
utero was the initial endocrine lesion. ~urther study 
is required on perinatzl endocrine interrelations in 
prematu-e babies to explore this hvpcchesis. 

A number of investigacors have advo-ated medical 
treatmert for cryptorcHid sm, though tne efficacy of 
this approach is debate. !^ Gonadotrophin and 
testosterone have be23 implicated in testicular 
descent end, on this ba:is treatment wth luteinising 
hormone releasing horrcne has been used with 
varying success. ^? Systemic testos erone alone 
results in testicular desceat in primates," and 
human chononic gonadotrcphin bas been used 
successftlly in cryptorcaidism in man.~ We suggest 
that the h:gh incidence of undescended tesies in 
preterm babies, and ovr “indings that heir primary 
and seconcary rise in .estosterone are diminished, 
would make it logical tc explore encocnne treat- 
ment or prophylaxis in fs spec.al grcup. 


We wish to thank Drs Bamferl. Dossetor, Beon, Pearse, and 
Crowle for zheir help in the naxaataL units at Ipswzh, King’s Lynn, 
Saeffield, end Norwich, Dr Malcolm Pike and Lx Clare Chilvers 
for their imaalencourapemen txunscrtake the project, and Farley 
Health Products Limited for Jmenaal heb 
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Low plasma triiodothyronine concentrations and 
outcome in preterm infants 


A LUCAS,*t J RENNIE,* B A BAKER,* AND R MORLEY* 
*MRC Dunn Nutrition Unit and TUniversity Department of Paediatrics, Cambridge 


SUMMARY A major association has been found between low plasma triiodothyronine concentra- 
tions in preterm neonates and their later developmental outcome. Plasma triiodothyronine 
concentration was measured longitudinally in 280 preterm infants below 1850 g birth weight. 
Babies whose lowest recorded concentration was «0-3 nmol/l had, at 18 months’ corrected age, 
8:3 and 7-4 point disadvantages in Bayley mental and motor scales and a 8-6 point dis- 
advantage on the academic scale of Developmental Profile II, even after adjusting for a range 
of antenatal and neonatal factors known to influence later development. Low concentrations of 
triiodothyronine were strongly associated with infant mortality, but not after adjusting for the 
presence of respiratory illness. There was no association between plasma triiodothyronine 
concentrations and somatic growth up to 18 months, and no association with necrotising 
enterocolitis or later cerebral palsy. Data on postnatal changes in plasma triiodothyronine 
concentrations are presented for reference purposes. While cited reference ranges for plasma 
triiodothyronine concentration appear suitable for well infants above 1500 g birth weight, smaller 
or ill babies often have very low values for many weeks. Our data are relevant to the debate on 


endocrine ‘replacement’ treatment in premature babies. 


Triiodothyronine has about three to four times the 
metabolic potency of thyroxine and is formed by 
monodeiodination of thyroxine in tissues. Fetal 
tissues seem incapable of this step until relatively 
late in gestation’; hence plasma truodothyronine 
concentration 1s very low in the human fetus before 
30 weeks’ gestation.^^ A number of investigators 
have shown that plasma triiodothyronine concentra- 
tions rise postnatally in infants born preterm, but in 
the early postpartum period values are below the 
normal range for full term infants and adults.? ? In 
some studies plasma triiodothyronine and thyroxine 
concentrations have been even lower in neonates 
with respiratory disease,’ '° suggesting that, as in 
adult ‘euthyroid sick syndrome’,'! severe systemic 
illness may depress thyroid function further. 
Thyroid hormones play a critical part in the 
normal development of the lung,’ !* gut, and 
brain! !5; and the possibility that ‘replacement’ 
treatment in preterm infants could have favourable 
effects both in the short and longer term has been 
investigated by several groups.?"! It has been 
difficult to establish, however, that low plasma 


concentrations of thyroid hormones, in this special : 


circumstance, reflect a deficiency state. Schonberger 


et al report a reduction in mortality rates of preterm 
infants given truodothyronine and thyroxine in the 
neonatal period.” In other studies, no outcome 
advantages have emerged, for instance, in early 
growth or later development.’ 7! 

In this follow up study, we have related plasma 
triiodothyronine concentration, measured longitudi- 
nally in 280 preterm infants, to growth, major 
morbidity, mortality, and neurodevelopmental out- 
come to 18 months’ post term. 


Patients and methods 


A total of 280 infants, birth weights under 1850 g, 
were studied. Mean (SE) birth weight was 1330 (18) g 
and gestation 30-3 (0-2) weeks. These infants had 
been enrolled in a larger preterm infant feeding trial 
for which extensive data were collected on antenat- 
al, perinatal, and postnatal factors.” 

Plasma triiodothyronine concentrations were 
assayed on plasma samples taken while the infants 
were in the special care baby unit in Cambridge, 
Ipswich, King’s Lynn, Norwich, and Sheffield in the 
three year period, 1982-4. Plasma samples were 
collected in cooled tubes, centrifuged at 4°C within 
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20 minares and the seperatec plasma was stored at 
~20°C. ""riiodothyronia2 wes measured on 928 sam- 
ples using a sensitive ar c spec:fic radio mmunoassay 
(Gammra-B T3 Kit, RIA (JE)). Cther thyroid 
hormores were not measured in this sudy. 

Surviving infants were inated to a follow up 
examination at 18 moaths fom expected date of 
deliverr. All infants from the East Arglian centres 
(37% fcl.ow up rate on survive rs) were-examined by 
KM, who also organised -be follow up in Sheffield. 
A mecical and deve.cpmerta history and full 
physica and neurological exaninations were under- 
taken for each infant. Head -ircumfe-ence, naked 
weight, end supine length were measmred and the 
Bayley mental and mo:cr scazs were administered 
to each infant”; the scores wene calculated using the 
infant’s age from expect2d cate of Celivery. The 
Bayley mental scale, however, like most tests of 
mental ability in yourg chldren, requires age 
approprate manipulative sxils and therefore 
childrer with cerebral pa.sy cannot be assessed satis- 
factonily. A further qvestionaare ba-ed test was 
applied: -he academic scale 5i Developmental Pro- 
file 11,“ which is based oa ites largely independent 
oi fine manipulative skais at this age and permitted 
irclusioa of infants with cerebral »alsy. This test was 
used to derive an ‘IQ eguivzlent'. 

Statisical analyses ir cludec multiple regression, 
Icgistic -egression, x^ test Snlent's t est, and the 
Mann-Whitney rank sux :est. 


Results 


In this cohort of 280 :mianis below :850 g birth 
weight, plasma samoes were amalysed for 
triiodothyrcnine conceagatius at 1-3 days, 47 
days, arc then at weekby irtervals uncil discharge 
from hcspital or until they actained 2000 g body 
weight. As not all infanzs cont ibuted to the data at 
each time period and »2cars- they spent varying 
lengths of time in the stady. deta have >een treated 
as cross sectional. 

Plasma triiodothyronine corcentraticns were low 
in the frst three days postracally, median (lower 
quartile. upper quartile) 0-49 (t -23, 0-62) nmol/l. By 
the fourth week, medier. tri.cdothyrorine concen- 
trations had risen more than tvofold tc 0-86 (0-63, 
1-17) nmoV. (p<0-0001) enc, -in those: infants still 
remainirg in hospital, tazy rose further to 1-20, 
(0-86, 145) nmol/l beynad eight weeks (p«0-01). 

Fig 1 shows that infaa:s abcve and Eelow 1200 g 
differed in plasma triicccthzronine ccncentration. 
Ir the first three days. the smatler infants had 
significantly lower med er triiodothyrcnine values: 
0-31 (0-15, 0-45) nmol/l zompared with 0-48 (0-34, 
0-68) nmol] in the intents Cf larger birthweight 


Birth weight < 1200g #1200 g 
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Fig1 Postnatal changes in plasma triiodothyronine 
concentrations in preterm infants above and below 1200 g, 
the smoothed curves presented are the 10th, 50th, and 90th 
centiles. 


(p<0-005). The rate of rise of plasma triiodothy- 
ronine postnatally was related to birth weight: in 
infants under 1200 g birth weight, plasma tri- 
iodothyronine concentration rose by a mean (SE) of 
0-11 (0-01) nmol/week compared with a gain of 0-17 
(0-01) nmol/week in those with birth weight 21200 g 
(p«0-(2). Median plasma triiodothyronine concen- 
trations tended to fall during the first week in infants 
below 1200 g (see fig 1). Though this fall did not 
reach significance, 77% of individual infants below 
1200 g, and 50% of those above 1200 g, showed a 
fall in plasma triiodothyronine concentration rather 
than a rise during the first week. More detailed 
analysis, however, failed to show that this fall was 
more likely to occur in infants with severe lung 
disease, requiring mechanical ventilation for more 
than five days. 

A reference lower limit of normal triiodothyr- 
onine concentration of 0-7 nmol/l for premature 
babies beyond 14 days? was achieved by the fourth 
week in 10096 of healthy (non-ventilated) infants 
over 1500 g and in 81% of non-ventilated babies 
above 1200 g; but in sick ventilated babies below 
1200 g only 34% had achieved this value. 

A number of factors were analysed for their 
relationship with the lowest recorded values of 
plasma triiodothyronine in each of the 280 subjects. 
In a regression model with the number of days of 
ventilation, birth weight, gestation, sex, mode of 
delivery (vaginal compared with caesarean), Apgar 
score at 5 minutes, and maternal toxaemia as 
independent variables, it was found that duration of 
ventilation (p<0-0001), low birth weight (p<0-001), 
and vaginal delivery (p<0-03) were independently 
associa:ed with lower plasma triiodothyronine con- 
centration (dependent variable); see table 1. In 
addition, when plasma tniodothyronine was coded 
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Table 1 Summary of factors examined for their 
relatonship with low plasma truodothyronine 
concentration (lowest recorded concentration under 
0-3 nmolil) 


Factors independently associated with low plasma truodothyronine" 
Low birth weight 

No of days of ventilation 

Death, to 18 monthst 

Mental and motor developmental scores at 18 months (see table 2) 
Vaginal dehvery 


Factors not associated with low plasma triiodothyronine 
Weight, length, and head circumference gain in neonatal penod 
Weight, length, and head circumference at 18 months 

Small for dates 

Sex 

Necrotising enterocolitis 

Cerebral palsy 


*After adjustment for key antenatal and neonatal factors 
TtAssociation not mgnificant. after adjustment for differences in 
requirement for mechanical] ventilation between infants with high 
and low plasma truodothyronine concentrations 


as a dichotomous variable (see below), a plasma 
triiodothyronine concentration of under 0-3 nmol/l 
was less likely to occur 1n babies whose mothers had 
been given steroids before delivery (using logistic 
regression, p<0-02). 

Mental development (measured by the Bayley 
mental scale) at 18 months was the principal 
outcome response of interest in this study. In a 
preliminary analysis, the lowest truodothyronine 
concentration recorded for each subject was a 
better predictor of later development than the value 
at any particular postnatal age or the rate of rise of 
plasma triiodothyronine concentrations postnatally. 
Analysis of raw data showed a significant relation- 
ship between mental developmental index and the 
lowest triiodothyronine concentration recorded, but 
this relationship was non-linear as shown in fig 2 
with the scores rising sharply when minimum tri- 
iodothyronine concentrations exceeded 0:3 nmol/l. 
The mean (SE) score in infants with triiodothyronine 
concentrations under 0-3 nmol/l was 92-3 (3-1) 
compared with a mean of 102-7 (1-5) in infants with 
minimum triiodothyronine concentrations above 
0-3 nmol/l (p<0-01). For the analyses below, subjects 
were grouped according to whether their lowest 
tniodothyronine concentration was above or below 
0-3 nmol/l. 

The relationship between mental developmental 
index and the lowest concentration for triiodothy- 
ronine (above or below 0-3 nmol/l) was explored 
further by adjusting for sex, birth weight, gestation, 
small for dates status, mode of delivery, Apgar score 
at 5 minutes, number of days of ventilation, and 
maternal toxaemia. Even after these adjustments, 


infants whose plasma triiodothyronme fell below 
0-3 nmol/l had a score that was 8:3 points lower than 
those whose recorded plasma tniodothyronine was 
consistently above this value (p=0-022; table 2). 
The only other independent variable in the model 
which related significantly to the mental develop- 
mental index (dependent variable) was days of 
ventilation (p<0-04). After adjusting for the factors 





>06 
Lowest recorded plasma triiodothyronine 
concentration (nmot /t) 


«03 03-0-6 


Fig2 Relationship between the lowest recorded value of 
plasma tniodothyronine concentration and Bayley mental 
developmental index at 18 months’ corrected age. 
Triiodothyronine concentrations are divided into three 
categories: (i) «0-3 nmol/l, (ii) 0-3 to 0-6 nmolll, and 

(iu) 0-6 nmol/l; scores for the mental development index 
are mean (SE) (No above each data bar). ** -p«0-01 

for difference between score in category (1) and either (ii) 
or (itt). 


Table2 Developmental disadvantage seen in surviving 
preterm infants whose lowest recorded plasma 
truodothyronine concentration fell below 0-3 nmol/l 
(compared with those with lowest plasma triiodothyronine 
above this value), after adjusting for birth weight, gestation, 
days of ventilation, sex, Apgar score at 5 minutes, and 
mode of delivery 


Developmental No of Developmental — p Value 
test subjects disadvantage (from 
(points) for regression 
infants with model) 
plasma tri- 
iodothyronine 
concentration 
«0-3 nmolll 
(95% confidence 
interval) 
Bayley mental 
developmental index 213 8-3 (1-1 to 167) 002 
Bayley psychomotor 
developmental index 210 74 6to 13-2) 0012 
Academx scale of 
developmental profile 
II (IQ equivalent) 226 86 (2-0 to 152) 09010 
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listed above, a minimum ttaedo-kyronine-concentra- 
tion oF under D-3 nmol/l as» przcicted Bayley motor 
develcpmaeat (7-4 poin: d-sadva3tage: p=0-012) and 
IQ equivalent (8-6 paint Æsacvantaze; p=0-010); 
the latter test (see above) pe~mitted irclusion of 
infants wich cerebral palsy (13 -ases). 

Mortali-y rates (up to _& rxcnths] were signifi- 
cantly releted to plasma trrcdctbyronine zoncentra- 
tior; m imíants whose trixlotryronine fell below 
0-3 nmol/L, 14 out of 61 (2-76) d:ec, comoared with 
12 out of 219 (6%) in tho:e whose plasma trirodo- 
thyrorine r2mained above tais >oncentracion (by Y? 
test, p< 0-0001). After adjus-rg for bith weight 
and gestation, the increa-e in rzortabty -ate in the 
group with a lower plasma tnicdothyromme concen- 
trator was diminished buz still sizn-ficant (p 0-02); 
and after adjusting furth2- 2o- recumsment for 
mechamicel ventüation, Fe relationship between 
plasma truddothyronine ccncertration and mor- 
tality wes jost. 

No assccianon was found between lcw plasma 
tricdcthy-onine ^ concemtritiors end somatic 
growtE; tre outcome resperses 2xamined included 
head circumference, lengt anz weight gain th the 
neonatal period, and heec size, length, and body 
weight at 18 months’ cozectel age (table 1). In 
add:ticn no relationship was »bservec between 
plasme trgodothyronine comcem ration end necro- 
tising ente-ocolitis in the meonaza. period or cerebral 
palsy at follow up (ta»le 1). 

P.asma zotal protein ccmcen-retion wa: available 
for all the samples analys2i $o- triiodo:hyronine. 
The relationskip between tn oCe-hyrcnine and later 
developmert was not inflwenced by adjusting for 
plasme protein at the tire tt the semple was 
taken. 


Di in 


The prnczi»al finding ir. this follcw up study on 280 
preterm irfancs was the mzpor azsccictioa between 
low pdasma triiodothyrcrine concentration and 
later development. Infants -m the stady were 
monitcred weekly for flasrz triiodcthyronine 
concertrations during tbe bhosp:tal stay; those 
whose lowest recorded valiz wee ess than D-3 nmol/l 
had sgnricantly lower cores on the Bayley 
meztal scale, Bayley moter scale, and on the 
academic scale of the cvesticrnaire based test, 
Develcpm2atal Profile IT, even vter zdjustment for 
a range o- key maternal permatal, anc neonatal 
factors. 

The mazaitude of the essocetion between low 
plasma triodothyronine ccncentrations and de- 
velopmenta. scores was surni. Examination of 
raw deta showed a 10-4 point Lsadvantage in the 


Bayley mental developmental index for infants 
whose plasma tniodothyronine concentrations fell 
below 0-3 nmol/l (about 20% of the population 
studied). Even after statistical adjustment for birth 
weight, gestation, number of days of ventilation, 
and other important factors associated with im- 
paired development, an 8-3 point disadvantage 
remained. Corresponding disadvantages were found 
(after adjustment) for motor development (7-4 
points). and IQ equivalent (8-6 points). It was 
interesting that the latter test, which permitted 
inclusion of cases of cerebral palsy, gave remarkably 
similar results to those obtained from the Bayley 
mental scale, despite the fundamentally different 
nature of the two tests. Furthermore, in each of the 
three developmental tests, a low triiodothyronine 
concentration was the most significant factor analy- 
sed, greatly exceeding the predictive value of birth 
weight or gestation. Only the number of days of 
ventilation, in the Bayley mental developmental 
index, came close to a low plasma triiodothyronine 
concentration in this respect. 

A number of investigators have raised the possi- 
bility that reduced plasma thyroid hormone concen- 
tration may play a major part in potentiating 
respiratory disease? 19 27715; in this study, however, 
the developmental effects observed were indepen- 
dent of respiratory illness (as measured by days of 
ventilation required). 

Our data contrast with those of other workers 
who have not found developmental consequences of 
low triiodothyronine concentrations.'? ?! Large 
sample sizes, however, are required to detect such 
developmental differences. From our own studies, 
we have calculated that the sample size required to 
detect an eight point difference in Bayley mental 
scale scores between two groups of babies (as 
detected here) is 150 subjects (<5% significance and 
80% power). This could account for the absence of 
developmental effects seen at one vear in the 
controlled double blind study of thyroid hormone 
replacement in premature babies conducted by 
Chowdhry et al on only 23 subjects.” 

In this study we measured total triiodothyronine 
and not ‘free’ triiodothyronine. We have considered 
that our findings on neurodevelopment might relate 
to low thyroglobulin concentration, rather than to 
low thyroid hormone concentration in preterm 
infants. We did establish that total plasma protein 
concentration was not independently related to 
development, however, and that adjusting for plas- 
ma preten concentration did not influence the 
relationship between plasma triiodothyronine and 
developmental scores. 

Somatic growth might be influenced by thyroid 
concentrations in several ways: for instance, by 
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effects on energy metabolism, gut maturation, or 
respiratory illness (see below). We found no rela- 
tionship, however, between plasma triiodothyronine 
concentration and head circumference, length, or 
weight gain in the short term; or head circumference, 
length, or body weight at 18 months' corrected age. 

We considered that low thyroid hormone concen- 
trations might cause an increased incidence of 
necrotising enterocolitis as a result of a reduced rate 
of gut maturation”; but no relationship between 
plasma triiodothyronine and necrotising enterocoli- 
tis was observed. 

The death rate of infants with plasma triiodothyr- 
onine concentrations falling below 0-3 nmol/l was 
over four times higher than in those with persistently 
higher triiodothyronine concentrations. This asso- 
ciation was reduced after adjusting for ditterences in 
birth weight and gestation between the groups with 
higher and lower plasma triiodothyronine concen- 
trations, and was abolished after adjusting for the 
requirement for mechanical ventilation. This 
Observation could be interpreted as an indirect 
effect of low plasma triiodothyronine concentration 
on mortality, through potentiation of respiratory 
disease, which is the major cause of death in 
preterm infants. This concept is supported by a body 
of experimental data on the effects of thyroid 
hormones on surfactant synthesis and lung 
maturation." Indeed, in this study, after adjust- 
ment for other factors, there was a strong correla- 
tion between low triiodothyronine and duration of 
respiratory assistance, though whether or not low 
triiodothyronine concentration 1s a cause or effect of 
lung disease in preterm infants is still unresolved. 

Whether aspects of the routine management of 
preterm infants influence plasma triiodothyronine 
concentrations, 1s currently under investigation. Our 
preliminary (unpublished) studies suggest that the 
incidence of very low plasma triiodothyronine con- 
centrations, that are seen in some babies, may be 
independently related to low nutrient intakes. Con- 
versely, maternal treatment with steroids appeared 
to have a prophylactic effect on the occurrence of 
plasma triiodothyronine concentrations under 0-3 
nmol/l. 

Our data confirm, on a large cohort, that preterm 
infants frequently have low plasma triiodothyronine 
concentrations in the postnatal period; and the 
pattern of postnatal changes has been defined for 
reference purposes. Previous reference values for 
triiodothyronine have often been based on relatively 
large, well. premature babies, and from one such 
study a value of 0-7 nmol/l could be taken as a lower 
limit of the range.” By the fourth week 100% of 
well, non-ventilated preterm infants over 1500 g 
birthweight in this study had exceeded that value; 


but of the infants below 1200 g, only 41% had 
exceeded it (34% in those who were ventilated), and 
24% had still not attained this value by the eighth 
week. 

There is still considerable debate on whether 
preterm infants, especially those who are sick or of 
very low birth weight, should receive routine treat- 
ment with thyroid hormones. In favour of this 
approach are the known, major adverse consequ- 
ences of thyroid hormone deficiency in other cir- 
cumstances. Against it are the arguments that 
‘hypothyroxinaemia of prematurity’ may not have 
the same pathophysiological importance as in older 
subjects, and that a pharmacologically induced 
increase in metabolic rate might dissipate critical 
energy reserves and raise the requirement for 
oxygen Furthermore, thyroid hormones are potent 
biological triggers, which could have unpredictable 
effects if given unnecessarily. The disappointing 
results from some outcome studies may have added 
further weight to these counter arguments.!? ?! 
While low plasma triiodothyronine concentration 1s 
strongly predictive of developmental outcome in this 
study, the relationship may not be causal. Neverthe- 
less, the strength and magnitude of the association 
clearly warrant further investigation, and we suggest 
that larger intervention studies, targeted to detect 
realistic differences in later development, are now 
indicated. The children in this study are part of a 
larger cohort being followed up indefinitely, and we 
shall be able to assess the longer term significance of 
the poor developmental scores seen at 18 months in 
association with low neonatal plasma triiodothyr- 
onine concentrations 
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Increased recall rate at screening for congenital 
hypothyroidism in breast fed infants born to iodine 
overloaded mothers 


JP CHANOINE,'i M BOULVAIN,t P BOURDOUX,i A PARDOU," H V VAN THI,£ 
A M ERMANS,t: AND F DELANGE't 


Departments of * Paediatrics, T Obstetrics, and {Radioisotopes, Saint-Pierre and Erasme Hospitals, Free 
University of Brussels, Belgium 


SUMMARY Skin disinfection with povidine-iodine (PVP-I) is widely used in obstetrics. We 
evaluated the influence of PVP-I in mothers at delivery on the serum thyroid stimulating 
hormone concentrations of their infants at the time of screening for congenital hypothyroidism. 
The study covered 4745 infants who were either breast fed (3659, 77%) or bottle fed (1086, 23%); 
3086 (65%) of them were born to mothers with no iodine overload (controls) and 1659 (35%) to 
mothers with iodine overload. Compared with the control group, the breast and bottle fed infants 
bom to mothers with iodide overload had a shift of neonatal thyroid stimulating hormone 
concentration towards high values. The shift was maximal in the breast fed infants with a 25 to 
30 fold increase in the recall rate at screening for congenital hypothyroidism (serum thyroid 
stimulating hormone >50 mU/l) while in the bottle fed infants, the recall rate was barely 
modified. In conclusion, the use of PVP-I in mothers at delivery induces a transient impairment 
of thyroid function in their infants, especially if breast fed. This situation is detrimental to 
screening for congenital hypothyroidism. Consequently PVP-I is not recommended in obstetrics. 


Skin disinfection with povidone-iodine (PVP-I) is 
widely used in obstetncs in epidural anaesthesia or 
caesarean section. This procedure results in 10dide 
overload of the mother due to cutaneous absorption 
of 1odine.! Iodide readily crosses the placenta? 
and is actively concentrated in the mammary gland.? 
Consequently, newborn infants born to mothers 
treated with. PVP-I are also exposed to iodine 
overload, especially if breast fed.* 

The thyroid gland of newborns is highly sensitive 
to the blocking effect of excess 10dide on thyroid 
hormone synthesis, and a raised concentration of 
serum thyroid stimulating hormone is the most 
reliable index of impairment of thyroid function.? 
The objective of the present work was to evaluate 
the influence of cutaneous application of PVP-I in 
mothers at delivery on the concentrations of thyroid 
stimulating hormone 1n their infants at the time of 
screening for congenital hypothyroidism. In order to 
appreciate the specific role of the iodine contained 
in breast milk, a comparative study was performed 
between breast and bottle fed infants. 


Patients and methods 


The study included 4745 (96%) of the 4923 infants 
born in our maternity ward during a two year 
period. Of the 178 infants who were not included in 
the study, three were omutted because they had 
permanent congenital hypothyroidism due to thyroid 
agenesis with an appreciably raised serum thyroid 
stimulating hormone concentration and a low 
thyroxine concentration at screening and diagnosis. 
One hundred and seventy five (45 full term and 130 
premature infants) were omitted because they were 
neither breast nor bottle fed: they were severely ill 
and received total parenteral nutrition until at least 
the fifth day of life. None of these 175 infants had a 
serum thyroid stimulating hormone concentration 
>50 mU/ at the time of screening for congenital 
hypothyroidism. 

The 4745 infants under study were investigated on 
the fifth day of life at the time of screening for 
congenital hypothyroidism. As shown in table 1 they 
were distributed in several groups on the basis of the 
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Tablei1 Defimiaon of the groups of rewborn infcnts under 
investigation 


Breast fed. — Bctlle fed ‘otal (%) 
No iodine overloz d 2358 728 =386 (65) 
Epidural anaesthesia 980 z3 1263 (27) 
Caesarean sectiom 321 73 396 (8) 
Total (9€) 3659 (77) 1385 (23) £745 (100) 


type of feeding and the absence or presence of 
iodine overload: 3659 (777€; af the infants were 
breast fed amt 1086 (23%) were bottle fad, 3086 
(65%) were born to mo ters with ne 1odine 
overload, 1639 (35%) were borr to motkers with 
10dine overlced due to the c. r:areous appleation of 
PVP-I at delivery for epidural anaestiesia or 
caesarean section. In the ‘onmer, a cutaneous 
surface of abcut 900 cm? was covered by cne single 
application =£ PVP-I. In the latter, tte whole 
abdominal wail was covered Ly three applications of 
PVF-I. The D% solution o? PVP-I used contained 
10 mg of iodre/ml. 

Al the newborn infants were submitted to 
systematic neonatal screeniag for congenral hypo- 
thyroidism; -erum thyroid stimulating hormone 
concentratio- was used as the primary screening 
test. When thyroid stimulatig hormone concentra- 
tion was above 20 mU/l serum thvrozine was 
measured in a second step “rom the initial blood 
spot. The cr: seria used for r2:aLing an infant under 
suspicion o- congenital hyoo-hyroicism were a 
serum thyros stimulating hormone concentration of 
250 mU/ or a thyroid stimulating hormonz concen- 
tration between 20 and 50 mU associated with a 
serum thyroxine concentranon of <64 nmol/l.° 
Further investigation included clinical, Hological, 
and radiolog cal assessmenzs, end when necessary 
the infants were scanned. Serum thyroid simulating 
hormone an= thyroxine were mzasured in duplicate 
by specific radioimmunoasser: at screening on blood 
spots dried on filter pap2- (the sensitavity was 
40 mU/ fo: thyroid stinrilatng hormone and 
13 nmol for thyroxine) and at recall on serum (the 
sensitivity was 0-4 mU/] for thyroid simulating 
hormone anc 13 nmol/l for thy-oxine).? 

Statistical analyses determmed the frequency 
distribution of serum thyrcid stimulating hormone 
concentrations in the whole infant popula-ion under 
study and compared this distib.ition in the different 
groups. The Frequency distri»uions were compared 
by X^ tests. 


Results 
The frequency distribution of serum thyroid stimu- 
lating hormone concentration in the 4745 infants 


studied ıs shown ın fig 1. The distribution was 
asymmetrical and skewed towards low values: 4311 
(9196) of the values were «10 mU/I, 388 (8%) were 
moderately raised between 10 and 50 mU/I, and as 
many as 46 (196) of the infants had a serum thyroid 
stimulating hormone >50 mU/l and were thus 
recalled. None was recalled on a basis of a thyroid 
stimulating hormone concentration between 20 and 
50 mU/ associated with a thyroxine concentration 
<64 nmol/l. 

The frequency distributions of serum thyroid 
stimulating hormone concentrations 1n the different 
groups of infants considered are shown in fig 2: in 
the breast fed infants born to mothers treated with 
PVP-I, there was a clear cut shift of serum thyroid 
stimulating hormone towards high values. 

The recall rate increased from 0-196 in the 
absence of iodine overload to 3-2% in case of 
epidural anaesthesia and 2:7% in case of caesarean 
section. Serum thyroxine concentration at screening 
and at the time of recall for contro] examinations 
was normal in all infants. In the bottle fed infants, 
there was also a slight shift towards raised thyroid 
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Fig 1 Freauency distribution of the serum thyroid 
stimulating hormone concentration (mUll) on day five in all 
newborn infants under investigation (n=4745). 
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Breastfed infants (n= 3659) 
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stimulating hormone concentrations in the iodine 
contaminated groups. The shift was much less 
pronounced, however, than in breast fed infants and 
the recall rate was barely modified. 

Discussion 

The present work shows that one cutaneous applica- 
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Fig2 Comparison of the frequency distributions of the serum thyroid stimulating hormone concentration (mU/l) on day 
five in the different groups of newborn infants considered. The numbers on the dotted lines represent the cumulated 
frequencies of the serum thyroid stimulating hormone concentrations included in the arrows. The levels of significance both 
in breast and bottle fed infants refer to the comparison with the group with no todine overload; *=p<0-05, "* —p«0-01 
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tion of PVP-I in mothers at the time of delivery 
results in a shift of neonatal thyroid stimulating 
hormone towards raised concentrations both in 
breast fed and bottle fed infants. The shift is much 
more important in the case of breast feeding, where 
there is a 25 to 30 fold increase in the recall rate. 
The cause of the shift in breast fed infants 1s 


1210  Charome, Boulvain Bonrdoux, Pcrdou, Van Thi, Ermans, and Delange 


obviously iozine overload W2 have previously 
reported thet ‘here was a tuc and 12 Zold inzrease in 
the tod ne content of breast mi'k arter th» use of 
PVP-I Dr epidural anaesthe:m and caesareaa section 
respectively (table 2).* The shift x: bcttle fed infants 
probably results from moderate fetal iodine overload 
occurring between skin disinzectson with PVP-I and 
delivery becais2 of a transfer of iodine across the 
placenta 

Chab-olle and Rossier have shown that the 
application of FVP-I direct} on the skin of infants 
occasiomally1n-reases their s2-umtayroid stunulating 
hormone conzeatrations.® Our results indicate that 
the sam2 phenomenon occu-s whan PVP-I 14 used in 
the mother »etore delivery. 

In our sudy, all infan:s wrta moderately or 
appreciably -aised serum thyroid stimulating 
hormone eccrxentrations at screening had normal 
thyrcxire at screening and ¿N further investigations 
were alo normal. Consequentlv, the raised serum 
thyrcid stimulating hormone iadicates a very 
transient state cf compensaced or subclinical hypo- 
thyrcidism wh:ch, most probably wil not afect the 
long tern development of tLe infants ? ? Our study, 
howeve-, underlines the put:c heelth importance of 
these transient alterations _n the newborn popula- 
tion under scudv, the recall rate was 1% instead of 
0-295 ir ouz screening proz-amme.!? In addition, 
there was a clear cut increase in the frequency of 
modera'ely raised thyroid strmulaung kormone 
betweer 10 and 50 mU/l, whch zlso indicates some 
impairment of thyroid functia, although the infants 
were nct recalled. 

This high recall rate is detrimental to the screening 
programme anc increases :ts ccst because of the 
further investigations need2d. It also appreciably 
increases the Frequency of s» called ‘talse positives’ 
at screeung tais 1s an unfazourzble situation for a 
screening prog-amme.!! Fually. but of major 
importance, tze high recall zate ceuses unnecessary 
psychologicel stress in mary farilies. Loag term 
effects af thi: recall on the mother-infant relationship 
have been wel documented: these adverse effects 


Table 2 lodme content of naternal mik at the fifth 
postnatal day with and without iodine cverload. (Modified 
from Chcnoire zt alf) 





Mezr (SD) iodine concentration 





(pcll) 
No 10dine overbad 0 73 (0-15) 
lodine overload efter. 
Epiduzal arazsthesia 1-25 (0-1-) 
Caesa-ean eraon 9-93 (3:37) 





were present even when the results of the control 
examinations were normal. !? 

In conclusion, the use of PVP-I in mothers at 
delivery can result in a mild Wolff-Chaikoff effect in 
the infant, especially if breast fed. Impairment of 
thyroid function is transient and probably without 
major consequences. It unnecessarily increases the 
recall rate, however, and consequently the cost of 
the screening and stress on families. Therefore 
PVP-I is not recommended in obstetrics. 
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Methionyl human growth hormone in Turner's 
syndrome 
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"* Academic Medical Centre, University of Amsterdam, and tt Department of Endocrinology, Growth, and 
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SUMMARY Sixteen girls with Turner’s syndrome aged 7-9-15-2 years (bone ages 7-0-11-8 years) 
were given methionyl growth hormone (somatrem) 4 IU/m? body surface daily, corresponding to 
0-9 IU/kg/week. During one year of treatment their mean (SD) height velocity increased from 3-4 
(0-9) to 7-2 (1-7) cm/year and height prediction from 148-2 (4-4) to 150-0 (4-4) cm. All the girls 
except one had a height velocity increment of more than 2 cm/year and these velocities are above 
the age references for girls with Turner's syndrome. The girl with a low growth response had 
antibodies against growth hormone with high binding capacity (3-7 U/l). The height velocity 
increment was inversely correlated with age and bone age, but this might be partly due to the 
somewhat higher dosage/m* body surface and kg body weight that the younger patients were 
given because of the rounding off of the dose. The better results of our study compared with 
those of other workers who used similar dosages but did not give the drug as often suggest that 
giving it daily might have increased the growth response as it does in children deficient in growth 


hormone. 


Turner's syndrome comprises a number of physical 
abnormalities including sexual infantilism, webbed 
neck, cubitus valgus, and poor growth velocity that 
results in short stature. The growth pattern has been 
well documented, and the reported mean adult 
height varies between 141-0 and 147.8 cm. 
The mechanism underlying this failure to grow 1s 
not known, but it is generally believed that the 
defect is primarily cellular.* Peak plasma concentra- 
tions of growth hormone have been reported as 
normal by some authors but as low by others after 
various pharmacological provocation tests.” ê Ross 
et al’ studied the 24 hour growth hormone profiles in 
30 patients with Turner's syndrome, and observed 
that between 9 and 20 years of age these girls had 24 
hour growth hormone profiles with low integrated 
growth hormone concentrations, peak amplitudes, 
and peak frequencies compared with those of age 
matched controls. In contrast, these values were not 
significantly different between 2 and 8 years of age. 
In a number of short term studies, treatment of 
patients with Turner’s syndrome by human pituitary 
growth hormone (sometimes given simultaneously 


with anabolic steroids) gave divergent results con- 
cerning growth velocity.9-1* Until recently wider use 
was impossible because the supply was limited, but 
since 1985 biosynthetic growth hormone produced 
by recombinant deoxyribonucleic acid (DNA) tech- 
nology has been widely available. Biosynthetic 
methionyl human growth hormone (somatrem) in a 
supraphysiological dose given three times a week 
has been used for patients with Turner's syndrome 
with favourable results. 16 Similar results have 
been obtained with pituitary derived growth 
hormone." So far there are no data on the effect of 
giving growth hormone daily, though in children 
with growth hormone deficiency this has been 
shown to improve the growth response. 18-20 

In this report we describe the response to sóma- 
trem 4 IU/m^ body surface given subcutaneously 
once a day for 12 months. 


Patients and methods 


Sixteen girls with Turner's syndrome were entered 
into the study. For inclusion the children had to 
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meet the yoliowing criteria age over 6 years, height 
more thar. 2:5 standard ceviations below the mean 
for age, a growth velccity selow the 25th per- 
cenzils for bone age,“ and bone age less than 12 
years ass2s:ed by the method of Tenner and 
Whitehouse “TW 2, 20-bones).? Patients were 
excluded f they had an" encocrine or metabolic 
discrcer, sf they were taking other drugs, or if there 
was a susp-cion of psyzhosccial dwarism. The 
diagnosis DF Turner's symtrome was confirmed by 
lymplocyte. chromosoma  analvsis. Children with 
monosom” XO as well as with mosaicisnis were 1n- 
cluced, unless the mosaicisras contained a Y chromo- 
some. Agestangec from 7 to 15-2 years (mean 11:7) 
and bone éges from 7-0 to 11-8 (mean 10-2) (table 1). 

Two stancard growth hoarmene provocation tests 
(the a-ginimz infus:on test and tae exercise test), and 
a growth acrmone releasing factor test were per- 
formed. A-zinine hydrochlorde (0-5 g/kg body 
weigh: to = maximum >i 30 g) was given in- 
traverously over 30 minttes. Blocd was taken 30 
minites before the infusion, z: the time it started, 
and then :5 30, 45, 60. 20, 120, and 15) minutes 
later for determination of growth hormore concen- 
trations. Tbe exercise test comprised 30 minutes of 
strenuous pi-ysical exercis2 on a bicycle ergometer, 
and b ood. samples were ‘eken from an mdwelling 
venous catheter at the time the test started, and 10, 
20, and 3C minutes later. For the growth hormone 
releasing factor test syrfhetiz growth hormone 


releasing factor 1 pg/kg body weight was 
used (KabiVitrum, Stockholm, Sweden). Blood 
samples were taken 30 minutes before it was given, 
at the time it was given, and at 15, 30, 45, 60, and 
120 minutes later. Determinations of growth 
hormone concentrations were performed in the 
laboratories of the participating centres. The various 
assays were compared through a series of test 
samples, and the growth hormone concentrations 
obtained from patients’ serum samples were 
corrected for systematic assay differences. 

The children received somatrem 4 IU/m? body 
surface dail ly; if the measurement was between 0-60 
and 0-86 m^, 3 IU were given, and if it was between 
0-87 and 1- 20 m^, 4 IU were given. The mean (SD) 
growth hormone dose/m2/week was 26-2 (2-4). 
Expressed as IU/kg/week this 1s equivalent to 0-92 
(0-26) Somatrem was prepared by KabiVitrum AB 
(Stockholm, Sweden) in rubber sealed phials con- 
taining 4 IU (about 1-7 mg) as a stenle lyophilised 
powder containing 37 mg glycine and 0-7 mg sodium 
phosphate. The parents were carefully instructed 
about how to reconstitute the drug solution. Soma- 
trem was injected subcutaneously by the children 
or the parents according to a standardised proce- 
dure, and the site of injection was changed daily. 
The children received no additional drugs except 
children aged over 13 who received low dose 
ethinyloestradiol (0-1 ug/kg body weight/day (cases 
1, 8, 10, and 11). 








Table: Selected clinical datc 
Case cEromosomal Ag Bone Height Weight Taking 
Nc pattem (75275) age? ethinyl 
Cm Standard Kg % Of oestradiol 
deviation median 
score weight 
for 
height 

1 25 XO 14-1 1E 7 134 1 —4-6 32-0 1131 Yes 

2 «5 XO 1245 1:8 123 5 —4 6 36 0 1552 No 

3 £5 XO/c6,X,r(X) R4 110 132.2 —33 36-7 134-4 No 

4 <6 XXq-* 195 £5 1155 —43 36 9 182 1 No 

5 £5 XO 33 £7 122-2 -26 24-7 109 2 No 

6 65 XO 73 7-0 110 1 -35 20-9 112-9 No 

7 45 XO 123 1F2 130 3 —42 36 4 137-6 No 

8 £5 XO/c6,Xx(X) B4 16-9 131-6 —42 34-7 128 5 Yes 

9 <5 XO 113 C4 118-5 —45 20-1 94-3 No 
10 45 XO 133 1-6 130 8 —4 9 322 120-5 Yes 

11 e6 X (Xq) 152 1F6 135 9 -5-1 34 1 116 3 Yes 
12 «5 XO/c6,X,r(X) — 114 C4 119-5 -42 22.8 105-2 No 
13 =5 XO 194 c-8 120 6 -33 224 101 8 No 
14 c5 XO/26,XX 3-5 c0 124 2 -2 5 28-4 120 8 No 

15 «5 XO 123 1C-8 129 8 -43 328 125:2 No 

16 £5 XO 9-3 C4 122 8 —2-9 26-7 1164 No 
Mear (3D) 112 (20) 102 (14) 91251 (73) -39 (081) 299 (61) 1233 (21-6) 


te tt tt a m 


*46,X Xq- 226, XX,— X, der(X) cel(Q2: - ~- Q ter) 
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The response of height to somatrem was analysed 
by measuring height when standing with a Harpen- 
den stadiometer after 4, 8, 12, 26, 39, and 52 weeks 
of treatment. The short term effect on growth 
velocity was 1nvestigated by measuring height after 
4, 8 and 12 weeks of treatment. Heights were always 
measured at the same hour of the day, and the 
measurements were performed four times by each of 
two investigators. The average of the means of both 
investigators was used for further calculations. From 
six months onwards measurements were made by 
one investigator, and the mean of four measure- 
ments was used for further analysis. 

Heights were expressed as standard deviation 
scores using the recent Dutch cross sectional 
references.” The growth velocity was expressed as 
cm/year and for comparison the velocity curves for 
girls with Turner’s syndrome prepared by Ranke ef 
aP^ were used. Sitting height was measured by 
standard techniques. The ratio sitting height:subis- 
chial leg length was transformed to a standard 
deviation score using the reference values from the 
Zurich longitudinal growth study (RH Largo and M 
Zachmann, personal communication). Weight was 
measured on an accurate scale and expressed as a 
percentage of the median for height.” 

Skinfold thickness was measured at the left 
biceps, triceps, and subscapular site, according to 
standard procedures ^ The left arm circumference 
was measured halfway between the acromion and 
olecranon. The muscle/bone area (mm^?) in the left 
upper arm was estimated using the equation T 
.(C/2n(b4-t/40)*, where C is the arm circumference 


Table 2 Growth velocity (cmlyear) 


(mm), b the biceps skinfold thickness (0-1 mm) and t 
the triceps skinfold thickness (0-1 mm). These 
values were compared with Dutch age references.” 
Radiographs of the hands were taken at 0, 6, and 12 
months and assessed by one of the authors (AB) 
using the atlas of Greulich and Pyle” and the 
method of Tanner and Whitehouse.” Values for 
height were calculated using the tables of Bailey and 
Pinneau.”’ 

Before the start of treatment, and at three 
monthly intervals during treatment, blood samples 
were taken for estimation of concentrations of 
haemoglobin, erythrocytes, leucocytes, platelets, 
and total eosinophils, leucocyte differentiation, and 
haematocrit. Biochemical assessment of serum sam- 
ples included blood urea nitrogen and creatinine 
concentrations, alkaline phosphatase and transami- 
nase activities, electrolytes, albumin, and thyrox- 
ine concentrations. Urine samples were analysed by 
routine methods for the presence of glucose, pro- 
tein, blood, and sediment. Urinary concentrations 
of retinol binding protein were measured with the 
Hyland Disc nephelometer (Hyland, Nivelle, Bel- 
gium) by the technique of Renckens et al. The 
antiserum used was rabbit antiretinol binding pro- 
tein (Dako, Glostrup, Denmark) and the detection 
limit was 0-12 mg/l. 

The immunological screening consisted of deter- 
minations of circulating immune complexes (Clq 
method’), antibodies against growth hormone and 
antibodies against Escherichia coli proteins. Most 
determinations of circulating immune complexes 
were done in the central laboratory of the blood 





Case No Before Dunng treatment Increment after 
treatment ——————————- one year of 
0-3 Months 0-6 Months 0-12 Months treatment 
1 26 68 59 62 36 
2 34 48 5.8 41 0-7 
3 2:5 61 68 6-1 3:6 
4 5-0 7-0 7-0 72 22 
5 4-3 74 88 8-1 38 
6 3-4 10 3 10-0 10 1 67 
7 31 8-0 62 59 28 
8 3:7 97 6-0 57 20 
9 3-2 7-6 70 63 3:0 
10 29 62 4 6 5-7 28 
11 1-6 10-8 6-9 6-2 4-6 
12 31 9:2 76 84 53 
13 3:3 10 0 8-2 7-9 4-6 
14 32 11:5 91 10 1 69 
15 3-6 8.4 8-2 7.1 3-5 
16 53 13-2 110 97 4-4 
Mean (SD) 34 (09) 8-6 (2 2) 7-4 (1 7) 7-2 (1:7) 3-8 (1-6) 
ge 16-53 4 8-132 4-6-11-0 41-101 0 7-6 9 
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trans-usion service in Amsterdam (normal range 
<7%) amd some in the ‘abaratones oi the Free 
University ir Amsterdar, and of the Erasmus 
University, Rotterdam (nozma range <15%) Anti- 
bodies against growth hcrmone were measured at 
the endoc-ine laboratory o? the Bergweg Hospital in 
Rotterdam bv determinirg the percentaze binding 
of 5* labeled human growth Formone before and 
after -he addition of 25 pU sorratrem. In 75 controls 
the percentage binding -anzed between 2 and 
16-77%, aad D-5 and 11 £%, respectively. If the 
bindimg perzeatage was gr2ater than 16-795 it was an 
indicetion that antibodies agaimst.zrowtk hormone 
were dresent. If the binding wes greater than 15% a 
Scatchard plot was made to determine the binding 
capacty and K value of the strorgly binding and 
weakly bir cing antibodies. Antibodies against E coli 
protems were measurec bv an enzyme linked 
immunoscrdent assay (ZLISA) by KabiVitrum 
(StocEholm, Sweden). 

Results are expressed as mean (SL), except 
where indicated otherwis2 Tre paired Student’s t 
test and the Wilcoxon matched pairs signed rank test 
were usec for the analysis of changes within the 
groups. The correlations between various measure- 
ments were made by Speermen’s correlation test. 


Resul-s 


Teble 2 shows the indw-duzl growth velocities 
before and during treatmea- with somatreri, and the 
increments while receivins trectment. There was a 
significant increase in the mean growth velocity 
from 3-4 to 7-2 cm/year in tke first 12 months 
(p«0-201) When compared witt the Turner growth 
velocity reference curves? al growth velocities 
before treatment were wichin the refererce range, 
whereas all growth velocties after the start of 
treatrrent except one we-e well above this range 
(fig 1} The mean cumulaz&e growth velocities are 
shown in fg 2. 

During the first year of treatment the mean (SD) 
increase im bone age wes 1-0 (0-4) years when 
assessed br the method of Tanner and Wh:tehouse? 
and 1-1 (0-8) when assessed bv that of Greulich and 
Pyle.^ The increase in bome age assessed by the 
method of Tanner and Waitehouse was 0 4 (0:3) in 
the first semester, not statistically different from 
that ir the second semeste- (4 6 (C-3)). According 
to the metaod of Greulict anc Pyle the imcrease in 
bone age during the first sem2ster was D-2 (0-4), 
significantby less than tha: in the second. semester 
(0-9 (C-6), p<0-001). The ean (SD) height predic- 
tion ased cn the bone age readings with the 
Greulich zrd Pyle atlas and the Bailey Pinneau 


Growth velocity (cm/year ) 





Age (years) 


Fig1 Growth velocities before and during treatment 
compared with the growth velocity reference curves for Turners y 
syndrome.*4 
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Fig2 Mean (SEM) cumulative growth velocities 
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tables) increased from 148-2 (4-4) to 150-0 (4-4) cm 
(p=0-06). 

There were no significant changes of the triceps, 
biceps, and subscapular skinfold thicknesses, weight 
for height, muscle/bone area, or the ratio of the 
sitting height:subischial leg length expressed as 
standard deviation score for bone age. 

There was a weak but significant negative correla- 
tion between the growth velocity increment after 12 
months of treatment and chronological age 
(r=—0-51, p<0-05), and bone age (r=—0-55, 
p«0-05). The rounding off of the growth hormone 
dose meant that the average older girls received less 
growth hormone per m? body surface or kilogram 
body weight than the younger girls. This is illus- 
trated by the negative correlation between age and 
growth hormone dose in IU/kg/week (r--—0-67, 
p<0-01). As the height velocity increment is also 
correlated with the growth hormone dose in IU/kg/ 
week (r=0-54), ıt is possible that the inverse 
correlation between height velocity increment and 
age is at least partly a dosage effect. Neither the 
growth velocity before treatment nor the delay in 
bone maturation correlated with the growth velocity 
increment after 12 months of treatment. The growth 
velocity increment after four weeks did not correlate 
significantly with the increment after 12 months 
(r=0-43), but did after 8 and 12 weeks (r=0-57, 
p« 0-05, and r=0-73, p<0-01, respectively). 

The maximum growth hormone concentrations 
after arginine infusion were between 2 and 68 mU/l 
(mean 24), after exercise between 1 and 50 mU/I 
(mean 22), and after growth hormone releasing 
factor between 7 and 137 mU/l (mean 40). In six 
girls (aged 9-3 to 13-8 years, mean 11-9) the peak 
growth hormone concentrations during the two 
provocation tests were below 20 mU/l. When the 
patient with the high concentration of antibodies 
against growth hormone was excluded, the mean 
(SD) increment was 3-0 (0-7) cm-year compared 
with 4-5 (1-5) em/year in the remaining children. 

To see if there were any predictors of the effect of 
treatnent with growth hormone in patients with 
Turner's syndrome we calculated the correlation 
coefficients of the peaks of the different growth 
hormone provocation test against the increment of 
height velocity as well as the height velocity itself. 
None of these correlated significantly with the 
growth response 

The haematological and biochemical measure- 
ments in blood and urine did not show any 
significant changes. The urinary excretion of retinol 
binding protein remained below the detection limit 
in all children. In seven of 15 patients antibodies 
against growth hormone were found during treat- 
ment. Binding capacity was low («1-3 U/l) 1n six 


children. One child (case 2) showed antibodies 
against growth hormone with a high binding capa- 
city of 3-7 U/l. She had a growth velocity increment 
of 0-7 cm/year, which is much lower than the mean 
growth velocity increment. In addition, her absolute 
growth velocity while receiving treatment (4-1 cm/ 
year) was far below those of tbe other patients 
(fig 1). Her treatment was therefore changed to a 
non-methionyl growth hormone preparation after a 
year. Transient rises in concentrations of circulating 
immune complexes were noticed after three months 
of treatment in five girls (range 11-8776). Another 
girl had a high value after nine months of treatment 
(31%). After 12 months of treatment all measure- 
ments were within the normal range. In four of these 
six girls antibodies against growth hormone were 
found. 

In eight children antibodies against E coli proteins 
were detectable before treatment, but the titres 
were low (0-1-0-8). During treatment the number of 
children in whom the antibodies were detected did 
not increase and the titres remained the same. 

No adverse reactions were noted, compliance was 
good, and the girls were enthusiastic about the 
results. There were no problems with the daily 
injections of growth hormone. 


Discussion 


The effect of pituitary derived growth hormone on 
patients with Turner's syndrome has been described 
in a number of studies. Soyka et all! and Tanner et 
al? fòund little or no growth acceleration over a 
period of 12 months using doses as high as 18 mg 
(presumably 18 IU) and 20 IU per week. Stahnke et 
al reported that six of eight patients with. Turner's 
syndrome did not benefit from treatment with 
growth hormone.? Other authors found significant 
increases ın growth velocity in patients taking 
pituitary or biosynthetic growth hormone.® 7! 
Rosenfeld et al also reported a good growth 
response in the second year of treatment.” In the 
period after treatment the growth velocity usually 
decreased to values before treatment, and in one 
study the acceleration during treatment was can- 
celled out by the deceleration after treatment. '® 
Ross et aP studied the dose response association 
between short term linear growth and growth 
hormone dosage, given three times a week. Lower 
leg length showed no increase with a growth 
hormone dose of 0-15 IU/kg/week, but increased 
significantly with doses of 0-45 and 1:35 IU/kg/week. 
The higher dose of 1-35 [U/kg was no more effective 
than that of 0-45 IU/kg. In our study, daily 
somatrem (0-9 TU/kg/week) resulted 1n a consider- 
able increment in growth velocity, which is higher 
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Table3 Comparison of thevzzults from differznt studies 
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Study Mean desz of No of Mean (SD) Growth velocity (cm/year) 
growth | ornare injections! ae (years) 
(IUikg'nz-LF) week Before Up to 12 
treatment months after 
treatment 
MÀ M ————M nn 
Rosen'eld e cf? Somatre:n 9-9 3 31 (21) 45 6 6 
Takano et cl™ Somatrem &2-1) 9 24 1. 5 (1-8) 3-6 5-5 
Ratti et al” Human 2Xrita-y denved 3 Mot known 3-2 59 
growth 3orrone 
Present stucy Somatrerza €-9 7 1_-7 (2-1) 3:4 72 





*Convzrsior fector 1 mg=2% U. 


than -he increments with 0-6) 9 TU/kg/week given 
by three irjections per wzek reported by other 
authcrs (ta-le 3). When the results of Rcss et ai are 
ext-a»ola'ed to one year oe-iods, a dose of 0-9 
IU/kg/week should have m better effects than a 
dose of 0-5 IU/kg/week. Thu suggests tha: the better 
results in 52r study are dv e :o ziving the doses more 
often. Th:s s in line with zke reports that in children 
deficent n growth hormaome daily doses of growth 
hormone kave more effect o1 growth -han doses 
given three times a week. °°? 

Tazanc s al? found aaxibodies agaiast growth 
hormone in 60% of their 2atisats at the end of 12 
moatas ol treatment with scmatrem. In our patients 
the perceriage was 73%. Only one child had 
antbodiez against grow-h hormone wth a high 
binding cazazity, and this criid also had a poor 
growth response. 

Boae agz advanced by `:0 (0-4) veazs and the 
average he ght predicticn increased by 1-8 cm. 
These prehaunary results and the results of the 
American collaborative study-® ?? suggest that the 
increased growth velocity rav result in Figher final 
heights. Leng term follow 1p 1s required however, 
to determiae whether ths will be the zase. 
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growth horricme, the techniciaas of ^ he peciairic laboratory in 
Nymegen fer measunng retinal binding protem, and Mrs B 
Batelaan-Hiulstor and Mr T Scab oer for administzative. support 
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Plesma concentraticns of gastrin and somatostatin 
after breast feeding in 4 cay old infants 


G MARCHINI,* J WIH3ERG,* K UVNAS-MOBERGt+ 
* Department of Paediatrizz, Karolinska Hospital, and 1 Department of Pharmacology, Karolinska Institute, 


Stocksolm, Sweden 


SUMMARY The plasma concentratiors of gastrin and somatostatin were measured by radioim- 
muncassav before and after breast feeding in healthy 4 day old infants who had been born at full 
term Th2 mean (SD) ccncentraticns of gastrin and somatostatin before breast feeding were 120 
(30) Emal] and 35 (12) pmol/l, respectively. Breast feeding in these infants was not followed by 
increzsec concentrations of gastrin ard somatostatin in peripheral blood. High preprandial pep- 
tide concentrations, as seen during the neonatal period may limit the further release of peptide 


after feel ng. 


The rattecn of the release of gastrin irduced by 
feecurs clanges during t= neonatal period. The 
plasm= gastrin concentration increases ir response 
to the first feed of breast milk! or formu milk? in 
newbc-n iafarts aged 2-6 Fours. No such increase, 
however, has been seen after subsequent feeds 
during the first week of life? A possible e> planation 
of whr the gastrin concen ration dces not rise after 
feedinz during this period could be the p-essure of 
high ccncea-rations of sorztostatin, whick is known 
to inb bit the release o^ gastin. We therefore 
measuxed e plasma concentrztions of gastrin and 
somatcstatin before and after breast feeding in 
heal-h., 4 cay old infants vko bad been born at full 
term. 


Patienc-s arc methods 


Thirty 2igkt healthy infancs (23 boys and 15 girls) 
were saidied with the approval of the local ethical 
committee and the consent of rhe parents. All the 
babies had been born at ill term after Lncompli- 
cated r-egrancies. Their mean (SD) gestational age 
was 39 “1) weeks and birth weight 3468 (397) g. All 
infants were exclusively breast fed Blooc samples 
for determmation of gastric ard somatostatin con- 
centrations weze collected zt a mean (SD: of 4 (1) 
days ai age. Thirty two infants were b-east fed 
betwee1 9 and 12 am and six between roon and 
3 pm. This feed took place 3 (1) hours after the 
preced 1g “eed and accordmg to the mother was 
demanzed by the infant. The infants were allowed 


tc suck to satiety. The mean (SD) duration of feed 
was 25 (10) minutes and the amount of milk 
irgested, calculated by weighing 19 infants, was 
55 (30) ml. 

samples of 1:5 ml of venous blood were drawn 
from the backs of the hands with open needles as 
part of routine metabolic screening. The samples 
were collected in one group of infants (n=12) before 
and 10 minutes after feeding, m a second group 
(r= 14) before and 30 minutes after feeding, and in a 
turd group (n=12) before and 60 minutes after 
feeding. Bloods samples were collected in ice cold 
plastic tubes containing 10 IU heparin and 500 KTE 
aprotinin/ml blood and centrifuged at 4°C within 
3C minutes of collection. The plasma samples were 
stored at —20°C until analysed for concentrations of 
gastrin and somatostatin. 

Gastrin concentrations were determined by 
radioimmunoassay using antiserum 2604.* as de- 
sczibed by Nilsson. These antibodies recognise 
gastrin-17 and gastrin-34 as well as sulphated and 
ursulphated forms of gastrin with the same potency. 
Scmatostatin concentrations were measured by the 
assay described by Efendic et aP after separation 
from large plasma proteins with SEP-PAK C18 
cartridges (Water Associates Inc). 

Data are given as mean (SD). Statistical analyses 
were by Student's t test. Correlations between vari- 
ables were analysed by simple regression analysis. 


Results 


Pr2prandial plasma gastrin (n=34) and somatostatin 
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(n=38) concentrations were 120 (30) pmol/l and 35 
(12) pmol/l, respectively. These were not related to 
postnatal age nor to the time intervals since the pre- 
ceding meal. No significant rises occurred post- 
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prandially in gastrin or somatostatin concentrations 
(figs 1 and 2). There was no association between 
gastrin and somatostatin concentrations either 
before or after breast feeding. 
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Fig 1 Individual plasma gastrin concentrations in three groups of infants before and after breast feeding. 
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Fig2 Individual plasma somatostatin concentrations in three groups of infants before and after breast feeding 


122) Hurchini, Winberg, end Uvnás-Moberg 
Discussion 


We four no increase ir gast-in concentrations after 
breast fesding in 4 day cd infants. This is in 
accordamce with previcts studies performed at a 
simiar postnatal age thet reported ro change in the 
ccncentration of gastrm at-er breast feeding or 
bottle feeding in infants borr at full term,? or after 
tube feediag in infants borr. prematurely.? 

The absence of an increase in gastrin induced bv 
feeding in infants has been ascribed to the high basal 
concentra-on of gastrin zhat 1s present during the 
neonatal period? The frst feed given -o newborn 
infamts is “allowed by a. postprendial increase in 
plasma gastrin concent-atiom,! ^ though no such 
response is seen on the second or the sixth days, by 
which tires basal plasma gastrin corcentrations 
have increesed 10 fold ccmpared with the concen- 
trations >efore the first ieec.? 7 The comparative 
hvdergas-omaemsa coulc also partly explain why 
infarts do mot respond by sec-eting acid after being 
given pentegastrin or his:emire duriag the neonatal 
pericd? ? o- why non-nrtzitive sucking ‘a stimulus 
thet aas De2n suggested as trizzering the release of 
cthe- vagelly controlled peptides such as insulin), 
failed to ir“luence plasma gastrin concentrations in 
newtorn irfants.!° 

Because gastrin exers trophic effects on the 
gastr.c mumsa, the rapid a-owth of the stomach 
that occurs in mammals durrg the first week of 
life’ covld be associated with the hgh gastrin 
concentret:ons during tke neonatal perod. 

Circulatirg somatostatin is principally derived 
from the stomach" and gastric sometostatin is 
prcduced -artly in antra. cells tha: are in open 
cortect with the gastric Lamer. that are sensitive to 
intragastrc pH." Somatostazin “rom -hese cells 
exerts an inhibitory effect on the release of gastrin 
by local paracrine mechanisms. Most gastric soma- 
tostatin cel: are found in the corporeal mucosa and 
here “he peptide is associated with the rezulation of 
the secretion of gastric acri from the parietal cells. 
Gastnc somatostatin is relezsed in response to 
nut-zients -n the stomach and is influenced by vagal 
nerve actviy and antral pH." 

In the present study basel concentrations of 
scrratostalir were in the same range as those 
described in premature bzbies and they vere there- 
fore High wten compared with preprandnl concen- 
trations im adults. We dd not find any significant 
change in somatostatin >oncentraticns before or 
after breast seeding. This s in contrast to *he results 
of Sann 2fc., who found zhat tube feeding in 2 day 
old premetare infants incuced a deczease in post- 
prand.al somatostatin concentrations. A compari- 
son between their results and ours, however, is 


difficult because gestational age, postnatal age, and 
moce of feeding were different m the two studies 

Tae high plasma concentrations of somatostatin 
are ikely to reflect enhanced secretion of somatos- 
tatir by the gastric mucosa. Because somatostatin 
inhibits the release of gastrin, an increase in the 
releese of antral somatostatin may contribute to the 
unresponsiveness of the gastrin cells during the first 
weeE of life. Furthermore, as somatostatin inhibits 
secretion of acid from the parietal cells, a high rate 
of secretion of somatostatin in the corporeal 
mucosa might explain (in addition to the increased 
plasma gastrin concentrations) why pentagastrin and 
histamine fail to mduce secretion of acid during the 
neonatal period? In newborn and tube fed 
preterm infants a substantial release of somatosta- 
tin irto the gastric lumen occurs when the intragas- 
tric pH is low.!? !" This somatostatin is probably 
derived from the antral somatostatin cells.! 
Becaise the present data show that circulating 
somatostatin concentrations are not increased after 
breast feeding, either there are no changes caused 
by fe2ding in the rate of secretion of antral somatos- 
tatin Dr, if there are, the responses are not reflected 
in changes in the circulating somatostatin concentra- 
tions of 4 day old infants. 

In conclusion, this study shows that breast feeding 
in 4 day old infants 1s not followed by increased 
gastrin or somatostatin concentrations in peripheral 
blooc. We suggest that the high plasma concentra- 
tions of the two peptides before feeding reflect a 
high degree of stimulation of the gastrin and 
soma ostatin producing cells (even under basal con- 
ditiors) during a period of life when intake of 
nutnents is high, and the rate of growth increases 


rapidky 
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Immune complexes and Pseudomonas aeruginosa 
antibodies in cystic fibrosis 
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SUMMARY Serum sam»es fom 57 patients with cystic fibrosis were tested for the presence of 
IgG, IgA, IgM, IgE, and circulating immune complexes containing IgG, IgA, and IgM. Titres of 
class spec.fic antibod.es tc Pseudomonas aeruginosa, and class specific antibodies to Ps 
aeruzinosa in circulatir g immune complexes, were also measured. According to the Shwachman 
score the patients were divided into three clinical groups: group 1 — moderate and severe disease, 
group 2 — mild disease and group 3 — well. The results of the immunological investigations were 
correlatec with the clarical state of the patients as assessed by the Shwachman score. Serum 
concentrations of IgG, -gA, and IgM were inversely correlated with the Shwachman score, but 
the ciffeceaces betweea the groups were only significant for IgG and IgA. The same correlations 
were found for circulating immune complexes containing IgG and IgA. Antibodies to Ps 
aeruginosa could be detected in most of the patients’ serum samples. IgA antibody specific to Ps 
aeruzinosa was the most often raisec, even in patients in group 3. It is therefore suggested that 
IgA anti»cdy specific t» Ps aeruginosa could be an early marker of colonisation by Ps aeruginosa 
and a sensiive measurement of infection with Ps aeruginosa in young children with cystic fibrosis. 
Moreover, m the circulatinz immune complexes, class specific antibodies to Ps aeruginosa were 
found in rearly half the patients. Tne highest titres of IgG and IgA antibodies specific to Ps 
aeruzinosa in the circalatirg immune complexes were cetected in the patients with the worst 
clinical stzte (group I} 


of patients with cystic fibrosis. We also measured 
titres of class specific antibodies to Ps aeruginosa, 


Chroric brcæchial infection wita Pseudomonas aeru- 
ginosc is a Major compication cf cystic fibrosis 


leadirg to respiratory failure and ultimately death. 
Though ling injury car be directly caused by 
bacterial r-zsion, the cde of the host defence 
system in permitting infection is still not clear. 
Circu.atinz ammune complexes have been found in 
serurc,! resciratory secretons.? and verious tissues? 
of paients with cystic fibrosis, and there is some 
evidence fhet tissue damage b» circuiating immune 
compexes could be a critical factor in the 
pathozenesis and progres:ibn of the disease. These 
comp.exes include antigers and antibodies to Ps 
aerug.nosc zs well as to other respiratory 
pathozens.** 

In this study we lookec Zor disorders cf humoral 
immunity that correlated with zlinizal staze and the 
results of lung function ests. We taerefore mea- 
- sured IgG, EgA, IgM, IgE. and circulating immune 
comp exes containing IgG, IgA, and IgM in a group 


and class specific antibodies to Ps aeruginosa in 
circulating immune complexes. 


Patients and methods 


Serum samples were obtained from 57 patients 
attending a cystic fibrosis clinic (Zeepreventorium, 
De Haan, Belgium). The 31 boys and 21 girls were 
aged from 4 to 26 years (mean 14-1). In all patients 
the diagnosis of cystic fibrosis was confirmed by a 
positive sweat test. They all had pulmonary and 
pancreatic disease. Overall clinical state was asses- 
sed by the Shwachman score.’ A maximum of 25 
points was given for each of the following: chest 
radiograph, nutritional state, general activity, and 
physical examination. The lower the score, the 
worse the condition of the patient. Complete clinical 
evaluation at the time of the study was obtained. 
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According to the Shwachman score the patients 
were divided into three groups: group 1 comprised 
14 patients with a mean age of 18-1 years and scores 
of less than 55 (moderate or severe disease); group 2 
comprised 18 patients with a mean age of 13-9 years 
and scores of 55-70 (mild disease); and group 3 
comprised 25 patients with a mean age of 11-8 years 
and scores of 70 or more who were well at the time 
of examination. At the time of the study Ps 
aeruginosa was cultured from the sputum of 49 
patients. Streptococcus pneumoniae and Staphylo- 
coccus aureus were each cultured from one patient; 
these two patients were in group 3. In six patients in 
group 3 no bacterial growth was detected. 

Lung function tests including forced expiratory 
volume in one second (FEV;), total gas volume, and 
residual volume, were performed by whole body 
plethysmography. 

Serum samples were also obtained from 14 
healthy subjects who acted as controls; the samples 
were stored at —20°C until used. 

Serum concentrations of IgG, IgA, and IgM were 
measured by laser nepholometry (Behringwerk). 
Serum concentrations of IgE were measured by a 
sandwich enzyme linked immunosorbent assay (EL- 
ISA) using a monoclonal antihuman IgE (Diagnos- 
tics Pasteur); this showed an excellent correlation 
(r=0-97) with the PRIST technique (Pharmacia). 
For normal values of IgG, IgA, IgM, and IgE, 
respectively, according to age, we used the stan- 
dards of Stiehm and Fudenburg? and Kjellman.? 

Circulating immune complexes were precipitated 
out of serum with polyethylene glycol 6000 (Merck) 
as previously described. Briefly, serum samples 
were diluted 1/2 with phosphate buffered saline, and 
were precipitated and washed with 2-596 or 1-5% 
(IgM) polyethylene glycol. These precipitates were 
then dissolved in 0-1 M Tris buffered saline contain- 
ing 1% bovine serum albumin (Sigma) and 0-1% 
Tween 20 (Merck). 

The IgG, IgA, and IgM content of the circulating 
immune complexes were measured by quantitative 
ELISA of the polyethylene glycol precipitate as 
follows: polystyrene microtitre plates (Costar) were 
coated with 10 ug/ml of class specific antihuman 
immunoglobulin diluted in carbonate buffer (0-1 M, 
pH 9-6). Goat antihuman IgG and IgA (Tago), and 
rabbit antihuman IgM (Dako), were incubated 
overnight at 4°C, free binding sites were blocked 
with 150 ul of a 1% bovine serum albumin in 
carbonate buffer, incubated for 1!^ hours at 37°C, 
and washed five times in physiological saline con- 
taining 0-1% Tween 20 in an automated microplate 
washer (Titertek, Flow Laboratories). One hundred 
microlitres of polyethylene glycol precipitate diluted 
with 0-196 Tween 20 was then added to the wells in 


duplicate. The immunoglobulin assays were cali- 
brated with a standard protein preparation 
(Behring) diluted with 0-1% Tween 20. The micro- 
titre plates were then incubated for 2/2 hours at 
37°C and again washed with physiological saline 
containing 0-196 Tween 20; the bound immunoglo- 
bulins were detected with 100 ul of horseradish 
peroxidase conjugates. For IgG, IgA, and IgM 
containing circulating immune complexes, the 
F(ab^); fragments of horseradish peroxidase antihu- 
man IgG, IgA, or IgM, (Tago) were used. After 
incubation for two hours at 37°C the plates were 
washed again and the wells filled with 100 ul of 0-4 
mg/ml orthophenylene diamine (Sigma) and 0-014706 
hydrogen peroxide 1n citrate phosphate buffer (0-1 
M, pH 5-0). The colour reaction was stopped after 
five minutes with 50 ul 2 M sulphuric acid. Optical 
densities were measured with a microplate photo- 
meter (Titertek, Flow Laboratories) at 492 nm with 
a reference absorbance at 690 nm. The analysis of 
the calibration curve and the calculation of unknown 
factors were performed with a four parametric 
logistic model as previously described. 

Titres of IgG, IgA, and IgM antibodies to Ps 
aeruginosa in serum and circulating immune com- 
plexes were quantified with ELISAs. A reference 
strain of Ps aeruginosa from the American Type 
Culture Collection was s':bmitted to three cycles of 
freeze thawing, then 20 minutes of sonication, 
before being diluted 1/100 in carbonate buffer and 
sonicated until no visible aggregates remained. A 
total of 100 ul of this antigen solution was coated 
overnight at 4°C on polystyrene microtitre plates. 
Free binding sites were then blocked with 150 ul of 
1% bovine serum albumin in carbonate buffer and 
incubated at 37°C for 1% hours. After five washings 
with physiological saline containing 0-1% Tween 20, 
100 ul of serum, 2-5% polyethylene glycol, or 1-5% 
polyethylene glycol precipitates diluted with 0-196 
Tween 20, were added. A pool of serum samples 
with strongly positive titres of IgG, IgA, and IgM 
antibodies to Ps aeruginosa was used as a standard. 
One hundred arbitrary units were attributed to the 
lowest dilution of standard used, 1/80 for IgA, and 
1/40 for IgM antibodies, respectively. Ten units 
were attributed to the 1/2400 dilution of standard 
pool for IgG antibody to Ps aeruginosa. The 
remainder of the ELISA (colour development and 
analysis of the results) was performed as reported 
for the measurement of class specific. circulating 
immune complexes. 

In order to correct for non-specific precipitation 
of free antibodies to Ps aeruginosa, a reference 
group of 12 patients whose serum samples did not 
contam IgG, IgA, and IgM circulating 1mmune 
complexes was constituted. These reference samples 
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were used to determine ‘a off concentrations 
(95th perzeatile) for ancibodiss to Ps aeruginosa in 
the polrethylene glyco preczitate. 

IgE aatbady to Ps aeragirc.a was measured with 
a captuce ELISA. Microtit-> plates were coated 
with 109 &l of a 10 ug'ml scLition of monoclonal 
antrhuxm- IgE (Diagnostics Easceur) in carbonate 
bufier. AEer incubatior dovera ght at 4C, 156 yl of 
17e bove serum alburi n in -arbonate buffer was 
added to each well and -ncutited for .% hours at 
37°C. After five washings witt physiological saline 
containing 0-176 Tween Z0, Kt ul oc serum samples 
diluced 1/5 with 0-1% Twsen 2) were acded tco each 
well Pletes were then itzuba:=d for th-ee hours at 
37°C, wested, and 100 ui of artigens to 2s aercgino- 
sa treated with avidin-»oti- were adced to each 
Well Ps aeruginosa lysate ~as treated with N- 
hydroxy-srccimmide bictin (sma) by the method 
of Sabbe Ezo et al.” Arter in-abation for a further 
wo hours at 37°C the miz-otitre plates were washed, 
and 100 LI of a 1/1000 cilutec screotavidin perox- 
idas2 conjugate (Amersham) were added for 45 
minutes at 27°C. Colour devzi»pment was dne as 
tor -he other ELISAs. Thes2 Semiquantitative re- 
sults were expressed as optica. densities (arbitrary 
unitz) ard calibrated wita optizal densities obtained 
from contol serum sarai»les 

Results 5f immunoglobulm, circclatmg immune 
comolexes. and Ps aerrgizs specific ant body 
assa7s ‘were transformed ogari hmically because of 
the skewness of the ata, and are shown as 
geonetriz mean (SD). Srgnificanze of correlztions 
among the logarithmically tran formed values were 
calculated by the Pearscn coure_ation coefficient. 
For compzrison betweer groups, non-parametric 
one way amzlysis of variance <ruskal—Wallis) was 
used. 


Resulis 


Mean serum IgG, IgA, and IgM concentrations 
were inversely correlated with the Shwachman score 
(tab 2 1). The differences among the groups were 
only significant for IgG and IgA. When compared 
with aze matched control subjects most patients 
with. raised concentrations of mmunoglobulin were 
found to be in the group with the most severe 
clinizal disease. Serum IgE concentrations differed 
signMicantly among the different groups, with the 
highest concentrations being in patients in group 2. 

Concentrations of circulating immune complexes 
containing IgG and IgA were significantly increased 
comzared with the control population (table 2), and 
were highest in the patients in group 1 Concentra- 
tions of IgM containing circulating immune com- 
plexes were not associated with clinical state, though 
they were raised in 16 (2876) of the patients. 
Concentrations of the different circulating immune 
complexes also correlated significantly with the 
diffecent serum immunoglobulin concentrations (re- 
sults not shown). 

Antibodies to Ps aeruginosa of the IgG and IgA 
classzs were found in most patients (table 3). There 
was < significant increase with evolving clinical state, 
with -a tenfold difference in IgA antibodies specific 
to Ps aeruginosa between the patients with the worst 
and -he best clinical score. Titres of IgM and IgE 
antitodies specific to Ps aeruginosa were raised in 17 
(30%) of the patients but did not correlate with 
clinical state. There was a moderately significant 
corre.ation (p«0-05) among IgG, IgA, and IgM 
antibodies specific for Ps aeruginosa and serum 
concentrations of IgG, IgA, and IgM (r=0-44, 0-31, 
and 1-46, respectively). 

Class specific antibodies to Ps aeruginosa could be 


Table 1 Wean (SD) serurn.conces rauons of ammur-oglobuhns in pitients with cystic fibrosis and number of patients (95) 


With rauel -oncentrations 


Immienoglobu.r. Shwachman score p Value 
«55 (n=14) 55—70 (n=18) #70 (n=25) 

Mean (S2) concentration (£g) 22-63 (16 52-29-51) 18-08 (14-08-23.21) 12-61 (8-54-18-63) <0 001 
No (96) Df patents with razed ccreenrration 10 (71) 13 (72) 7 (28) 

IgA- 
Mean (SO1 concentration (EÀ 4 11 (2:57-6-58) 2 44 (1 444-15) 137 (073-2 57) «0-001 
No (96) >i patients with ra&ed ccreentration 10 71) 4 (22) 2 (8) 

IgM 
Meto (SD: concentration (7B 1-83 (11-43-11) 176 (1 07-2-90) 1-18 (0-40-3-44) 0 262 
No (%) >i patents with raised c-rezntration 10 (71) 14 (78) 19 (76) 

Iz=: 
Mern (SO! concentration (FU/I) 85 (15-478) 219 (49-982) 54 (14-211) 0-032 
No (%) f patents with raked ccreentration 4 (31) 11 (61) 5 (22) 
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detected in the polyethylene glycol precipitate in 
some patients. Significantly higher titres of IgG and 
IgA antibodies to Ps aeruginosa were found in the 
groups with the worse clinical states. In most of the 
samples containing circulating immune complexes, 
we found raised titres of antibodies to Ps aeruginosa 
(tables 4 and 5). 

Ps aeruginosa was not isolated from the sputum of 
eight patients. These were all in group 3 (Shwach- 
man score 70 or more) and their mean age was 7-7 
years (range 4-2-15-6), which is less than the mean 


age of the whole group. Three of these patients had 
raised titres of IgA antibodies to Ps aeruginosa and 
one of them had raised titres of IgE antibodies to Ps 
aeruginosa. The subject who had S pneumoniae in 
his sputum also had raised serum concentrations of 
IgM circulating immune complexes, and raised titres 
of IgM to Ps aeruginosa and IgM antibodies to Ps 
aeruginosa were found ın the circulating 1mmune 
complexes. None of the other subjects who did not 
have Ps aeruginosa in their sputum had raised 
circulating immune complexes. 


Table 2 Mean (SD) concentrations of class specific circulating immune complexes expressed as arburary units and 
number (%) of patients with raised concentrations 








Class specific Contral Shwachman score p Value 
circulating immune ulation = 
completes conmuning iid «55 (n=14) 55-70 (n=18) 270 (n=25) 
IgG. 
Mean (SD) concentration 75(58-9-9) 76-7 (331-1777) 551 (222-137-0) 263 (12 8-54 1) 0 030 
No (%) of patients with raised concentration 10 (75) 12 (67) 3 (10) 
Mean (SD) concentration 32 (1:7-6 2) 8 41 (2 4-29 4) 4-8 (1 7-13 7) 1-8 (0-5-5-9) <0 001 
No (96) of patients with raised concentration 7 (50) 4 (22) 2 (8) 
IgM: 
Mean (SD) concentration 5-0 (27-90) 10-8 (48-243) — 1144 (5-5-23 6) 8-2 (4-1-16 8) 0-302 
No (96) of patients with raised. concentration 5 (36) 7 (39) 4 (16) 


Table3 Mean (SD) titres of antibodies specific for Ps aeruginosa expressed as arburary units and number (%) of patients 
with raised titres 


Tures of antibodies Control Shwachman score p Value 
specific for Ps population —————— 
aeruginosa «55 (n-14) 55-70 (n=18) 270 (n=25) 
IgG 
Mean (SD) ttre 130 (98-174) 1588 (523-4817) 428 (137-1339) 176 (43—713) <0 001 
No (96) of patients with raised titres 13 (93) 13 (72) 12 (48) 
Mean (SD) ttre 8 (4-16) 757 (230-2490) 143 (35-584) 61 (12-299) <0 001 
No (96) of patients with raised titres 14 (100) 16 (89) 18 (72) 
Mean (SD) titre 88 (45-174) 148 (63-351) 137 (59-317) 124 (62-250) 0-697 
No (96) of patients with raised titres 5 (36) 5 (28) 7 (28) 
IgG 
Mean (SD) ttre 11 (5-25) 40 (14-117) 48 (12-202) 54 (23-213) 0 638 
No (%) of patients with raised titres 3 (21) 7 (39) 7 (28) 


Table 4 Mean (SD) tures of antibodies specific for Ps aeruginosa in the polyethylene glycol precipitate expressed as 
arbitrary units 


Titres of antibodies Shwachman score p Value 
specific for Ps 

aeruginosa «55 (n=14) 55-70 (n= 18) 270 (n=25) 

IgG 4-9 (0-9-25 5) 21 (0-4-10 1) 11 (3-3-5) 0 014 
IgA 22 (0 7-7-2) 09 (0 4-2-0) 05 (02-12) <0 001 
IgM 3-3 (0-8-14-2) 4-9 (17-14 2) 2-6 (0-4-16 6) 0-590 
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Table 5 umber of paticrt. wath circulaimg immune complexes and raised titres of antibody to Ps aeruginosa in the 


poly ethylez glycol precipita e 














Ati2»ody -hwachman score Total N 
x otal No 
Ps aeruginosa x55 55-70 #70 

IgG 4/6 1 1 S/11 
IzA “f7 V4 V2 6/13 
IzM 5/5 c 2/4 8/15 
Tabie 6 Significance of zozrelations amorg respiratory funchor: tests and other measurements 

IMeazuremen. FEV, Total gas volume Residual volume 


Correlation p Value 


Correlation p Value — Correlation p Value 
coefficient 





coefficient coefficient 

Shwachman Score C70 «0-001 — —-—0:57 «0-001 —0 70 <0 001 
Concentrati of 

Iga -0 52 <0 001 0 34 «0-008 0-41 0 002 

IgA —(-57 «0-001 0-30 0-018 0-39 0 003 

IgA —0 24 0-044 0-05 0 36 0 07 0-315 
Cirenlating immune complexes conta.ning: 

Igo —-0-51 0-007 0-37 0-042 041 0-026 

IgA —0-51 <0 001 0 20 0 08 0-29 0 021 

Igi ~0 34 0 008 0 09 0 278 0-11 0-217 
Anti»odies safe to Ps aerazi1osa: 

IgG —0 47 <0 001 0 34 0-007 0-36 0-006 

IgA ~0 39 0-003 0-33 0 011 0-37 0-004 

Ig ~0 15 0:142 0 23 0 058 0-24 0-046 
Anti2odies 25 Ps aeruginosa .r zraatng immune complexes: 

IgG ~0-52 <0-001 0 21 0 078 0 24 0-048 

IgA —0-60 0 001 0-30 0-020 0-34 0-008 

IgA —0-27 0 031 0-10 0:257 0 14 0-176 


FEV, aud residual vclime correlated well with 
the Shwactman score (table 6°. Significant correla- 
tione were also found between FEV, total gas 
volume, axd residual voine on the one hand, and 
coacentrations of immuaozlobulins and circulating 
immane complexes, anc ttres of antibodies to Ps 
aerugzinosc. on the other 


Discussion 


In this gro: p of patients with cystic fibrosis colonisa- 
tion of the respiratory trac: wach Ps aercginosa was 
detected in 49 (86%). Orly in zigh: patieats in group 
3 could Ps ceruginosa no: 52 detec:ed in the sputum. 
Mos: centres treating pace=ncs with cystic fibrosis 
have repor-ed similar isclaricn rates, pa-ticularly in 
pacients with advanced ci:eass."^ 

TFere have been severa. -ezorts of the association 
be-ween secum immunogloou in concentrations and 
clinical state in patients with cystic fibrosis. © 
Mos repo-ts have foctsed on IgG, end studies 
concerning total IgM o7 IgA or concerning anti- 
bodiss specicic to Ps aezrgirosa are scarce. There 


have also been various reports about the presence 
and iriportance of circulating immune complexes, 
but cass specific circulating immune complexes 
have seldom been studied in patients with cystic 
fibrosss. 

As in previous studies, signiticant ditterences in 
total immunoglobulin concentrations among the 
three clinical groups were found, except for IgM; 
the IgM concentrations were equally raised in the 
three groups. In a study by Turner et al an 
association was also detected between high concen- 
trations of IgG and IgA (but not IgM) and recurrent 
infect:on.!^ On the other hand, low concentrations 
of immunoglobuhns have been reported to be 
associzted with milder lung disease and slower 
progress:on of pulmonary impairment.? None of 
our patients had hypogammaglobulinaemia. Many 
other studies have shown variable rises in immuno- 
globulin concentrations in serum samples from 
patients with cystic fibrosis. Twenty one (37%) of 
our stbjects had raised concentrations of IgE. This 
confirms the finding of Wallwork and McFarlane 
who found raised concentrations of IgE in 32% of 


wc. 
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their patients.'© Several other workers have re- 
ported raised total IgE and raised titres of allergen 
specific IgE antibodies in association with positive 
skin prick tests in patients with cystic fibrosis. "7 
Turner et ai reported a clear association between 
IgE concentrations and the number of recent 
respiratory tract infections.!^ Furthermore, it has 
been shown that recurrent infection and inflamma- 
tion of the bronchial tree lowers the threshold of 
irritant receptors leading to bronchial hyper- 
reactivity. '^ 

Though raised concentrations of circulating im- 
mune complexes have been described,' the presence 


of class specific circulating immune complexes has . 


not been well studied in patients with cystic fibrosis. 
In our study, concentrations of IgG and IgA 
containing circulating immune complexes were high- 
est in patients with advanced disease, whereas 
concentrations of IgM containing circulating im- 
mune complexes were not associated with worsening 
of the clinical state. Whether circulating immune 
complexes containing IgG or IgA are actively 
concerned in the progression of the lung disease 
needs to be elucidated. That circulating immune 
complexes containing IgG and IgA could be partly 
responsible for the progression of the disease and 
not solely reflecting the duration of colonisation 
with Ps aeruginosa is suggested by the finding of 
immune complex deposition ın ithe respiratory tracts 
of patients with cystic fibrosis,’ and by the develop- 
ment of cutaneous vasculitis in some patients with 
cystic fibrosis. Another indication of the pathogenic 
role of these immune complexes comes from the ın 
vitro experiments that showed a release of 
mediators from inflammatory cells by circulating 
immune complexes containing IgG or IgA in 
patients with cystic fibrosis ° Recent clinical studies 
also suggest that circulating 1mmune complexes are 
an independent risk factor for death from cystic 
fibrosis, and that they are also associated with poor 
prognosis. Other workers, however, have suggested 
that the concentration of circulating immune com- 
plexes cannot be used as markers for infectious 
exacerbations, but have to be considered as indica- 
tors of the chronic nature of the disease 
Antibodies specific to Ps aeruginosa were found 
in most patients, with significant differences 1n IgG 
and IgA antibodies specific to Ps aeruginosa among 
the three groups The highest titres were found in 
patients with the worst clinical state. These data 
confirm the results of other studies that showed that 
high titres of IgG antibody specific to Ps aeruginosa 
were associated with poor clinical state, and that it is 
a sensitive and specific marker for the severity and 
progress of infection with Ps aeruginosa in patients 
with cystic fibrosis.” Titres of IgA antibodies 


specific to Ps aeruginosa have not been widely 
studied and it 1s therefore interesting that they were 
the most often raised, even in patients who were 
clinically well—18 out of 25 (72%) of the patients 
with less severe disease had raised titres of IgA 
antibodies specific for Ps aeruginosa—-or 1n patients 
without Ps aeruginosa in their sputum samples 
(three of eight). Because titres of IgA antibodies to 
Ps aeruginosa were significantly lower in serum 
samples from control subjects than in those from 
patients with. good or excellent clinical state, and 
because these titres increase with the severity of the 
disease, it might be that IgA antibodies to Ps 
aeruginosa are specific and sensitive. detectors of 
infection by Ps aeruginosa in young children with 
cystic fibrosis. Furthermore they could indicate 
previous infection with Ps aeruginosa in patients 
with cystic fibrosis who were not currently growing 
Ps aeruginosa in their sputum. 

The highest titres of IgA antibodies to Ps aerugi- 
nosa in circulating immune complexes were found in 
the patients with the most progressive disease, there 
being significant differences among the three clinical 
groups. Antigens and antibodies to Ps aeruginosa 
have been detected in circulating immune com- 
plexes by a number of workers, and have been 
associated with colonisation by Ps aeruginosa and 
advanced disease. Moss and Hsu showed that 
patients with cystic fibrosis who had increased 
concentrations of circulating immune complexes, 
these complexes contained IgG antibody to Ps 
aeruginosa. ? Other authors showed that circulating 
immune complexes contained antibody to Ps aerugi- 
nosa lipopolysaccharide and had  endotoxin 
activity. 

In conclusion it seems that IgA is a sensitive 
marker of colonisation by Ps aeruginosa in patients 
with cystic fibrosis. Concentrations of total IgA, 
specific circulating immune complexes containing 
IgA, and IgA antibody titres to Ps aeruginosa are 
closely associated with the clinical progression of 
cystic fibrosis as judged by the Shwachman score 
and lung function tests. The use of IgA antibody to 
Ps aeruginosa as an early marker of colonisation by 
Ps aeruginosa or as an 1ndicator of previous infec- 
tion with Ps aeruginosa ın patients with cystic 
fibrosis needs further study but could be important, 
particularly in young children from whom it ıs 
difficult to collect sputum for culture. 
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Faecal chymotrypsin concentrations in neonates with 
cystic fibrosis and healthy controls 


G A BROWN, R B HALLIDAY, P J TURNER, AND C A SMALLEY“ 
Institute of Child Health, University of Birmingham and *Selly Oak Hospital, Birmingham 


SUMMARY Specimens of meconium and random stools were collected sequentially from 25 
healthy newborn babies over the first 8-14 days of life. The stool chymotrypsin concentrations 
increased from birth to a maximum at 4 days of age and then fell again over the next four days. 
The lowest individual stool concentrations either side of the four day peak were both, 
coincidentally, 120 ug/g stool. In a second group of 22 newborn babies suspected of meconium 
ileus and later confirmed to have cystic fibrosis, faecal chymotrypsin concentrations were all 
appreciably reduced. In eight babies, also with suspected meconium ileus but with negative sweat 
tests, chymotrypsin concentrations were within the healthy newborn range. 

Measuring faecal chymotrypsin concentrations is a reliable procedure for identifying pancreatic 


exocrine insufficiency in the newborn. 


Intraduodenal tests of pancreatic exocrine function 
are invasive, technically difficult, and expensive and 
many alternative tests have been suggested. One of 
the alternatives proposed, the measurement of 
pancreatic proteolytic enzymes in faeces, has pro- 
duced several validation studies in adults showing 
significant positive correlations between pancreatic 
proteolytic enzyme secretion and faecal excre- 
tion. A more recent study in children produced a 
highly significant positive correlation between the 
pancreatic chymotrypsin secretion rate into the 
duodenum after pancreozymin stimulation and the 
mean faecal chymotrypsin concentration of three 
random stools.” It also showed, using a single 
random stool, that chymotrypsin concentration was 
profoundly depressed or absent in 46 children with 
clinical malabsorption due to cystic fibrosis. 
Many children with cystic fibrosis are now identi- 
fied in the neonatal period but the diagnosis may not 
be confirmed by sweat testing for several weeks 
because of the poor sweat excretion rate of the 
neonate. Until that time the diagnosis must remain 
presumptive but the demonstration of pancreatic 
exocrine insufficiency would be strong corroborative 
evidence in favour of the diagnosis and would 
provide a sound basis for the immediate start of 
pancreatic enzyme replacement. Only one detailed 
study has been reported on faecal chymotrypsin 
excretion in healthy children in this age group? and 


there are no similar data on chymotrypsin excretion 
in the newborn with cystic fibrosis. In this report we 
present a reference range for random stool chymo- 
trypsin concentrations in the healthy neonate and 
data from a second group of neonates with sus- 
pected meconium ileus, three quarters of whom 
were subsequently shown to have cystic fibrosis. 


Patients and methods 


HEALTHY NEONATES 
Twenty five newborn babies were admitted to the 
study on delivery. Seven of the 25 babies were born 
preterm with gestational ages of 32-36 weeks. Five 
of the babies were breast fed. The remainder 
received formula at intervals of four hours through- 
out the day or more often in the case of the lower 
birthweight babies. All formula fed babies received 
body weight related milk volumes. Birth weights 
ranged from 1720 to 3840 g. Four of the term babies 
and two of the preterm babies had birth weights 
below the 10th centile for the gestational age. 
Random meconium and stool samples were col- 
lected at least every other day from each baby 
during their stay in the maternity unit. A total of 156 
samples were obtained, the earliest specimen being 
collected at three hours after birth, and the latest at . 
336 hours (14 days). The number of stools collected 
from the individual baby varied, the smallest num- 
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be: collec:ed from a singl2 baty being for samples 
and the kargest number cigh- (median six). The 
collection period covered the transitior: from the 
excregon of dark green brown pigmenced meco- 
nium to tae bright yellow pigmentation of faeces. 
Specimen pigmentation was recorded. 


NEONATES WITH SUSPECTED MECONIUM ILZUS 

A single speamen of faeces (n=26) or colostomy 
fluid tn=4) was collected tom a second group of 30 
newborn bebies between 3 anc 21 davs of age. The 
babies ın Hs group had irtestinal obstrvction with 
chmczl or radiological fezt ares, or both, suggesting 
meconium leus. Specimens were obtained in each 
case Ey normal bowel action. In two babies in whom 
the imtial chymotrypsin ccncentracion was high in 
relation to the rest of the group, but sill clearly 
subnorma. when compara] w th the healthy neo- 
nates, follow up specimers were collec ed. 


ANALYTICAL. METHODS 
Stool and colostomy fluid specimens (1-2 g) were 
colleced m polystyrene Fz—on stoci containers and 
storec at —2YC until aaalysed. Specimens from 
heaitFy necnates were accumilated unti the baby 
went home so that all stock fron a given Daby were 
analysed 13 the same ana ytical batch. Al analyses 
were romo.eted within 14 days of collection. 
Chvmotrvpsin activity was measured by the 
methcd or Haverback et .° Details of he proce- 
dure, together with methcc performaace data, have 
been published previously.* 


STATISTICAL EVALUATION 

All statistical evaluations «ere non-parametric. The 
deg-e2 of association berweer two measurements 
and rs siznificance was Ceterrunsd using Spear- 
man's rans ccrrelation cozztici2ant. The sznificance 
of difsererces between grct ps was determined using 
the M.ann-Whitney U test. 


Results 


HEALTHY *3ONATES 

Ind:viduai stool chymotr=psin values (fi 1) 

The random stool data fom all 25 babies were 
grouped ir t5 24 hour periccs from birth. Chymotryp- 
sin concert-ations increas21 rapidly over zhe first 48 
hours of life, then increased more slowly, reaching a 
peak in the fourth 24 hoaz per:od. Concentrations 
then fell 5ack again, over the next fovr 24 hour 
periods, to the range seen in the first 24 hcurs of life. 
The peak was well definec n some »abiesbut less so 
in ctkers, presumably due to the random nature of 
the stool collection. The medign chrmotrvpsin 
conzentradon of specimers passed in the first 24 
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Fig1 Random stool chymotrypsin concentranons in the 25 
healthy babies. Results are grouped into 24 hour periods 
after birth The horizontal bars show the median value for 
each interval 


hours after birth was 290 ug/g stool and the lowest 
concentration was 120 ug/g stool. The median value 
increased to 725 ug/g stool for the fourth 24 hour 
period with the lowest individual value being 305 
ug/g stool. Twenty four hour median values then 
dechned over the remainder of the study period to 
about 200 ug/g. The lowest value observed in this 
latter period was again, coincidentally, 120 ug/g 
stool. 

The overall range of individual stool chymotryp- 
sin activities from all 25 babies, over the period of 
3-336 hours (14 days), was 120-1680 ug/g stool. The 
results from one baby were excluded from this 
range. Initial values in this baby were unexcep- 
tional. They then increased to very high values, 
(1880, 2020, and 1840 ug/g stool) dunng the second, 
third, and fourth 24 hour periods, falling finally to 
values similar to the rest of the group. A three 
month follow up on this baby did not disclose any 
abnormality. 

The individual stool values from the seven pre- 
term babies tended to be lower than the term 
babies, the highest preterm value being 1264 ug/g 
stool. At the lower end of the range values were 
similar with none of the preterm baby values falling 
below the lower end of the term baby range. 
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Mean stool chymotrypsin concentrations 

A mean chymotrypsin concentration was calculated 
for each baby using the data from stool specimens 
passed between birth and 8 days of age The mean 
values in the term babies (range 345-888, median 
581 ug/g stool) increased with increasing birth 
weight (fig 2) producing a significant positive 
correlation (r=0-643, p<0-01). The mean value for 
the baby who produced extremely high individual 
stool values on days 2, 3, and 4 was greater than the 
mean plus 3 standard deviations for the remaining 
17 term babies. Data from this baby therefore was 
not included in the birthweight correlation (fig 2), 
although inclusion still produced a significant value 
(r=0-487, p«0-05). 

Mean chymotrypsin concentrations in the seven 
preterm babies (range 262-678, median 392 g/g 
stool) tended to be low with five at or below the 
median value for the whole group. They were not, 
however, significantly lower than the mean values of 
the term babies (p=0-054). Only the lowest birth- 
weight preterm baby had a mean value below the 
observed range of the term babies or a range 
expressed by the mean minus 2 standard deviations. 
Values in the light for dates babies were similar to 
those of the appropriate weight babies. Values for 
the breast fed babies were also unexceptional. 


Stool pigmentation 

The time of transition of specimen pigmentation 
varied. Yellow faecal pigmentation appeared as 
early as 48 hours in some babies while others 
produced meconium pigmented material as late as 
120 hours after birth The average time for the 
transition occurred at around the fourth 24 hour 
period, coinciding with peak chymotrypsin activity 
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Fig2 Correlation of birth weight with mean faecal 
chymotrypsin concentration in the term babies. 
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NEONATES WITH SUSPECTED MECONIUM ILEUS 

The data for random stool chymotrypsin concentra- 
tions from this group in relation to the results of 
sweat tests done at 6 weeks of age or later are shown 
in fig 3. 


Sweat test positive babies 

In the 22 babies who had sweat electrolyte concen- 
trations consistent with a diagnosis of cystic fibrosis, 
the two highest faecal chymotrypsin concentrations 
were 57% and 33% (68 and 48 ug/g stool) of the 
lowest value seen in the healthy neonates. Repeat 
testing in those two babies, one week after the initial 
observation, produced concentrations of 10% or less 
of the lowest normal value (12 and 8 ug/g stool). In 
the remaining 20 babies who had a positive sweat 
test, faecal chymotrypsin concentrations were 1776 
or less (median overall 6%) of the lowest value in 
the healthy neonates. Activity was not detectable in 
seven. 

In one of the two babies producing the high 
chymotrypsin concentrations, seven repeat observa- 
tions were made between 3 and 16 days. The initial 
value at 3 days was 16 ug/g stool, the concentration 
rose to 48 ug/g on day 5 then decreased to nil by day 


Faecal chymotrypsin (pg/g stool) 





Positive 


0 Negative 
Sweat test result 


Fig3 Single random stool chymotrypsin concentrations in 
babies either negative or positive for the sweat test. The 
broken line shows the lower limit of the observed range in 
the healthy neonates 
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15. This pettern was similar to that shown by the 
Vida ne-nates but at a muca lower coacentration 
evel 

In the stool specimens om the babies with a 
posit.ve sweat test that cart uned detecta»le concen- 
traticns cf zhymotrypsin, the 14 specimens passed 
before 1) days of age tad significartly higher 
chymotryD3.1 concentraticrs (p=0-025) -han the 10 
specimens 2assed betwe21 10 and 20 days. 


Sweat tes: megative babies 

In the eish- babies whoze sweat 2lectrclytes were 
normal, t= chymotrypsin concentzations, including 
the s ngle =Dlostomy specem ın this group, were 
well withon the faecal chyxotrypsin normal range, 
the lowest value being 27E pg/g stool. 


Discussion 


In the healthy neonates faecal chymotrypsin concen- 
traticns vared with the age of the kaby over the first 
8 dars of lfe. The lower limit of the range also 
varied over the same per-cc bat the lowest concen- 
tration at anv time durirg the study was 120 pg/g 
stcol and <h’s has been adzTted as zhe lower limit of 
the observed range for 12althy neonates. 

The lower mean faecal chymotrypsin concen- 
trations 1r. ne preterm bad es were in accord with 
intracuod=tm. observations already reported that 
pancreatic exocrine secretcry activity in the preterm 
baby is reciced compared with the term baby.’ ? 
Pancreatic =cnction has ot been shown to be 
different m ght for dates cr breast fed babies and 
the faeca chymotrypsin concentrations were not 
obviously d-fferent in badtes :n either category in 
this study. 

The hign=r faecal chym-t-ypsin concentrations in 
the Higher birthweight D>adies suggested greater 
pancreatic activity. This mar have >een an inherent 
featuse but i1 may also have be2n due to tne feeding 
regims, tke heaviest bab'es receiving almost twice 
the protein intake of the Let test. Large increases in 
protem iao:ake increase  nt-aduodena. enzyme 
conceatra icns.? 

The very iwgh values s222 13 one of the healthy 
neonetes remain unexplarzed. They may have been 
normal bi: appeared ocherwise because of the 
relatively small size of -ke group investigated. 
Alteraatively. they may aae been the -esult of a 
brief 5hase of greatly inc-ecsed pancreat c activity. 
Furth2r woz with this nomaavasive test 1s indicated. 
It ma; prodace information about the physiological 
modulation of pancreatic finzuon that would be 
unobtainable by intraducdenal testing. 

Little data on neonatal teecal cEymotrypsin con- 
centretions have been p.roisbed for ccmparison. 


Mullnger and Palasi also found increasing faecal 
chym-ot-ypsin concentrations during the first 3 days 
of hE, but, unlike those reported in our data they 
rose “urther on days 6 and 7.° In a more recent study 
reporung chymotrypsin concentrations in the stool 
aque-us phase of the preterm neonate, concentra- 
tions decreased between 1 and 2 weeks of age.!? 
Direct comparison with our data from whole stool 
homcgenate is difficult as most of the chymotrypsin 
activity was firmly bound to the solid phase. The 
decreasing activity described in the 2nd week of life 
and the lower concentration at this age, however, 
compared with older infants, 1s consistent with our 
findir gs. 

A amilar pattern of changing concentration has 
been reported for pancreozymin stimulated duo- 
denal enzymes in the neonate,’ for gastric acid 
concentration," and for plasma gastrin and entero- 
glucazon'concentrations. ^ This coinciding, similar 
surge- of endocrine and exocrine activity in the first 
few cays of life appears to be a part of the initial 
endocrine-exocrine response to the introduction of 
enteral feeding. The early high gut enzyme concen- 
tration may result in more efficient mobilisation and 
elimimation of the meconium, the peak faecal 
enzyme concentration at 4 days of age coinciding 
with the change from meconium to faecal pigmenta- 
tion ct the stools. 

The <duodenal-faecal enzyme relation in the 
healtLy neonate appears to be sufficiently close for 
the scbtle perinatal changes in pancreatic function 
to be shown by faecal chymotrypsin measurements 
and the latter may therefore be useful in other 
physiological or nutritional studies. 

Chrmotrypsin concentrations were grossly sub- 
normal in all 22 babies subsequently shown to have 
cystic fibrosis. We do not have reference values for 
chymatrypsin concentrations 1n colostomy fluid but 
the conzentrations in the three colostomy fluid 
sampEs from babies with a positive sweat test and 
the sagle colostomy fluid from a baby with a 
negat-ve sweat test were in the same ranges as the 
faecal concentrations from those groups. We con- 
sider hem therefore to be of similar importance to 
the fecal measurements in this context. 

The two highest chymotrypsin concentrations in 
the bebies with cystic fibrosis were produced at ages 
of 5 aud 6 days respectively, that 1s, close to the time 
of pezk concentration in the healthy neonates. On 
repea testing a few days later the concentrations 
had fellen to the very low concentrations more 
characteristic of cystic fibrosis. Where intermediate 
values are found therefore, particularly in the first 
week of life, repeat testing 1s essential. 

The full clinical value of faecal chymotrypsin 
measvirement in the neonate remains to be deter- 
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mined. The concentrations seen in the babies with 
cystic fibrosis in this study indicate gross pancreatic 
exocrine insufficiency and concentrations presum- 
ably would be similar in the other inborn errors 
characterised by profound pancreatic exocrine insuf- 
ficiency, although the non-cystic fibrosis disorders 
are very rare. Absence of chymotryptic activity may 
also result from a functional or anatomic defect 
preventing transit, or extremely rarely, enterokinase 
deficiency. Where cystic fibrosis is suspected, 
however, absence of faecal chymotrypsin would be a 
strong indicator in favour of the diagnosis and such 
information would be available several weeks in 
advance of a sweat test result. Despite its value in 
this particular context, however, it must be remem- 
bered that faecal chymotrypsin is a measure of 
pancreatic function and not a screening test for 
cystic fibrosis. 

Faecal enzyme measurements are likely to give a 
less accurate assessment of pancreatic exocrine 
activity than the more direct intraduodenal tests. 
This study and our earlier investigations have 
shown, however, that the duodenal-faecal relation is 
sufficiently close for many of the questions asked 
about pancreatic function in the neonate to be 
answered by faecal studies.* Compared with intra- 
duodenal testing, faecal chymotrypsin measure- 
ments have the additional advantages of being non- 
invasive, rapid, simple, mexpensive, and repeatable 
as often as required. 


We are most grateful for the help given by Sister Sallis and her staff 
at the Sorrento Special Care Baby Unit where all stool collections 
were made and recorded We also thank Dr BA Wharton, 
consultant paediatncian, who approved the investigation of babies 
in his care PJ Turner was supported by a grant from the 
Endowment Fund of the former United Birmingham Hospitals 
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intolerance in cystic fibrosis 
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SUMMARY Impaired ghicose toleraace, assessed by a raised glycated haemoglobin (HbA,) 
concentration, was found in 24 (29%) out of 61 patients with cystic fibrosis with an age range of 
1-23 years. No corre:stion between age and HbA, concentration was found indicating that 
factors otaer than progressrve pancreatic fibrosis may be important in the aetiology. HLA typing, 
islet cell antibodies, anc au:oantibody screen were completed. Eighteen (7596) out of 24 patients 
with cystic fibrosis whc had an -mpai-ed glucose tolerance had HLA-DR3 or HLA-DR4 antigens 
comoarec. with 23 (62%) aut cf 37 patients with normal glucose tolerance. Islet cell antibodies 
were present in seven (15%) cut of 46 patients with cystic fibrosis; the prevalence in a normal 
population is 0-576. Five (25%) of the 20 patients with a raised HbA, concentration were positive 
for islet cell antibodies compared with two (876) out of the 26 with normal glucose tolerance. Six 
(86%) out of seven patients who were positive for islet cell antibodies had HLA-DR3 or 
HLA-DR4 antigens. There was no zeneral autoantibody production. Islet cell antibodies may 
pley a part in the development of glucose intolerance in some patients with cystic fibrosis by being 
produced in those who are geretically predisposed as part of an immune response to damaged 


pancreatic tissue. 


The incidence of insulin dependert ciabetes in 
patients with cystic fibrosis is re»ored to be 
1-10*6-?; this is many times the incidence in a 
normal population." Glu-ose intolerance occurs in 
8-75%.° Early studies suegested that glucose in- 
tolerance develops in pztients with zyszc fibrosis 
secordary tc pancreatic damage after exocrine 
pancpmeatic disease rather than in assocmtion with 
juvemle onset diabetes. Increasing dis-uption of 
islet cells without decrea:e in islet cell namber was 
founc with increasing age, as £ result of progressive 
pancreatic fibrosis.” It was proposed that the islet 
cell disrupticn led to the delayed anc impaired 
release of insulin, leadirg to glucose irtolerance. 
Immunohistochemical tecanicces, however, have 
show. a reduced islet and D cel. num»er in patients 
with cystic fibrosis who have insulin dependent 
diabetes.^^ * In addition, a lack of correlation 
between glicose intolera3ze, age, and Sawachman 
scoze has been reported.? ^ Taese findirgs suggest 
tha: aetiological factors other than progressive 
pancreatic fibrosis may ccntzpute tc the develop- 
ment of glucose intolerance and insulin dependence. 


The increased familial incidence and the associa- 
tion vith HLA genes B8, B15, and in particular 
DR3 and DR4, indicates that genetic factors are 
imporcart in the aetiology of type I insulin depen- 
dent aabetes.™™ In patients with cystic fibrosis no 
association has been found so far between HLA 
type end insulin dependent diabetes.” 

Isle- cell antibodies have been reported in a high 
propo-tion of patients with insulin dependent di- 
abetes at diagnosis, but are less common as the 
duration of the disease increases.!! The presence of 
islet cell antibodies may precede the development of 
overt symptomatology in predisposed people,” ** 
but their role in the pathogenesis is unclear. It is 
debateble whether they produce direct islet cell 
damage’ or serve only as markers for islet cell 
destruction. Antibodies to human pancreas have 
been shown in patients with cystic fibrosis!" but the 
preserce of islet cell antibodies has not been 
reported. An increased incidence of autoantibodies 
to smooth muscle, reticulin,? and lung" and 
antinuclear antibodies” have been found in patients 
with cystic fibrosis. 
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The aim of this study was to determine possible 
genetic and autoimmune factors in the aetiology of 
glucose intolerance and insulin dependent diabetes 
in a group of patients with cystic fibrosis. The HLA 
type and presence of a variety of autoantibodies, 
including islet cell antibodies was investigated and 
related to the presence of glucose intolerance in 
these patients 


Patients and methods 


Sixty one of the 64 patients attending the clinic for 
cystic fibrosis at Alder Hey Children's Hospital 
between January and June 1985 were entered into 
thus study. Their mean (SD) age was 9 (5:3) years, 
range 1-23 years. The presence of glucose intoler- 
ance was assessed at the time of recruitment by 
measuring the concentration of glycated haemo- 
globin (HbA,). This was repeated at intervals of two 
to six montbs for a period of one year. A standard 
oral glucose tolerance test (1.75 g/kg glucose, 
maximum 75 g}! was completed on patients with a 
raised HbA; concentration and where possible 
patients with cystic fibrosis with a normal HbA, who 
were of similar age.” None of the patients was 
taking drugs that could influence glucose tolerance— 
for example, steroids or salbutamol—and none had 
acute infections at the time of the study. No patient 
was iron deficient on haematological assessment 
Blood was taken for HLA typing and autoantibody 
screen. The severity of cystic fibrosis was assessed 
using the Shwachman score,” pulmonary function 
tests, and Chrispin-Norman x ray score.” 

HbA, concentrations were determined by ex- 
change column chromatography and spectrophoto- 
metry (Biorad haemoglobin A,, by column test) and 
expressed as a percentage of the total haemoglobin. 
The between assay standard deviation for this 
method was 0-68 and the coefficient of variation was 
5-776. The reference range for our laboratory is 
5-3-8-8% HbA; representing 2SD limits of the 
mean of a normal paediatric population. A value of 
HbA, above 9% was considered as raised. Patients 
were considered to show impaired glucose tolerance 
if an abnormal oral glucose tolerance test or a raised 
HbA, concentration, or both, was shown. 

HLA typing for A, B, and Cw specificities was 
carried out by a standard two stage lymphocytoto- 
xicity microassay~ and for DR specificities by the 
two colour fluorescence method.“ Controls were 
healthy individuals residing in the same geographical 
area as the patients and included 550 typed for 
HLA-A, B, and Cw specificities and 232 for the DR 
specificities. 

Plasma obtained for autoantibody tests was frozen 
(—20°C) before and during transport to the Middlesex 


Hospital for analysis. Conventional islet cell anti- 
bodies and complement fixing islet cell antibodies 
were determined by following a standard protocol 
recently used for the standardisation of islet cell 
antibodies.” The samples were tested without 
knowledge of the patients’ details and the results 
confirmed by at least two independent observers. 
Using the same conditions for the pancreas, reagent, 
and incubation, the putative islet cell antibody 
standards currently being assessed by the ım- 
munology and diabetes workshops gave end point 
titres of 32 when tested ‘blind’ on two occasions. 
Samples were read by two independent observers 
and the interassay reproducibility was one doubling 
dilution. Weakly positive reactions were confirmed 
on several human blood group O pancreases by 
different observers. 

The autoantibody screening included gastric 
parietal cell antibody and a variety of non-organ 
specific antibodies—for example, antinuclear and 
mitochondrial. ?? Thyroglobulin and thyroid 
microsomal antibodies were determined by passive 
haemagglutination using commercial kits (Wellcome, 
thymune). 

Ethical committee approval for the study was 
given and parental consent obtained. 


Results 


CLINICAL ANALYSIS 

On entry into the study, 21 of the 61 patients with 
cystic fibrosis were found to have a raised HbA, 
concentration: mean 10-676, range 9:1—17-5?6. Dur- 
ing the course of the first year a further three 
patients were identified with a high value. An oral 
glucose tolerance test was completed on 21 of these 
24 patients; seven were glucose intolerant, three of 
these producing a diabetic response, two of whom 
are insulin dependent. Insulin treatment in these 
two patients, aged 17 and 19 years, had been started 
two and four years before entry into the study. Their 
diabetes was well controlled at this time as shown by 
the HbA, concentrations recorded (fig 1). Evidence 
of impaired p cell function in the 14 patients with a 
normal oral glucose tolerance test but raised HbA; 
concentration has been previously reported.” The 
mean (SD) HbA, concentration on entry to the 
study of the remaining 40 patients was 7-8 (0-9)76, 
range 5:9-8-8%; this ıs comparable with the 7-4 
(0-94)% found in a normal population. An oral 
glucose tolerance test was completed on 13; all 
showed normal glucose tolerance. As many patients 
as possible were recruited. Parents were reluctant to 
agree to further drip siting and blood taking when 
their child was well when there was no evidence of 
glucose intolerance. 
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Fig1 Jniual HbA, concentrason recordzd on each 
pa'iert on ent to study plotted agairt age O= 2atients 
with conifirmez glucose intoleraace and & —insuan 
deper.aent pan2rts. The dottea [ne represents the upper 
lunit of the noenal range -25D abore the mean 


Nc correlation was found betweea the concentra- 
ticn 9° HbA- and age (fig 1) Those patients shown 
to be glucose intolerant by tne oral glucose tolerance 
test are indicated; the yourgest was aged.3 years 8 
months. No correlation was found bstweea Shwach- 
man score ard HbA, concentration but as expected 
there was a significant positive corrzlatior between 
age and Shwachman score. 


HLA STUDIES 

HLA ryping was completed on all 61 patents. The 
relativ» frecwency of eack antgen was compared 
with a Liverpool populatiom after exclusien of one 
of eac af tte five sibling pairs in the population 
of vatierts with cystic fbross. An in-rease in 
the frequency for HLA-Al (r=0-97), HLA-A28 
(p=0-€025), and HLA-DR&€ (p=0-026) wes seen in 
56 paziznts wath cystic fibros:s, bat correction for the 
42 specificitics tested for sowed thet none of these 
increases was significant. 

Dividing the patients wit. cysz2 fi»rosis including 
siblinz pairs, nto (a) those with glucose in-olerance 
as shcwn by the oral glucose tolerance test, (b) those 
with a raised HbA, conceniration (includ ng those 
in fay) and (x) those with no evidence oz glucose 
intolerance t~ either the oral glacos2 tolerance test 
or HEA, the relative frequencies of HLA-DR3 and 
HLA-DR4 antigen are compared with the Liverpool 
popula'ion (fg 2). The relztive frequency 5f HLA- 
DR3 was higtest in patients with cystic hib-osis who 
had impaired glucose tolerance although this was 
not sis3ificam-. Eighteen (7576) of zhe 24 patients 
with cystic fibrosis who hec evidenze of mpaired 


glucose tolerance had HLA-DR3 or HLA-DR4 
antigen compared with 23 (6296) of the 37 patients 
with normal glucose tolerance. 


ISLET CELL AND OTHER ANTIBODY STUDIES 

The screening was completed in 46 of the 61 patients 
with cystic fibrosis; 20 of these had raised HbA, 
concentrations recorded during the one year study 
including six who were glucose intolerant by an 
oral glucose tolerance test. Repeat samples were not 
obtained during the study period. It was not possible 
to obtain appropriate blood samples on all patients. 
Conventional islet cell antibodies were present in 
seven (15%) of 46 patients (the prevalence ın the 
normal population is 0-575); this increase is signifi- 
cant, p<0-001. The two patients who were insulin 
dependent out of the six in the glucose intolerant 
group had islet cell antibodies in addition to three of 
the 14 patients with a raised HbA, concentration but 
a normal oral glucose tolerance test. This gives a 
prevalence of islet cell antibodies ın those patients 
with cystic fibrosis who have evidence of impaired 
glucose tolerance of 2596 (five out of 20). The 
remaining two patients with conventional islet cell 
antibodies showed no evidence of glucose intoler- 
ance; this gave a prevalence of 8% (two out of 26) in 
the group with no evidence of glucose intolerance. 
One of these had complement fixing islet cell 
antibodies. Further details of these patients are 
shown imm table 1. The patients who were positive for 
islet cell antibodies were aged 11 to 23 years. 
Nineteen of the 46 patients tested for islet cell 
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Fig2 HLA-DR3 and HLA-DR4 antigen frequencies in 
defined populations N= Liverpool population (n=232); 
Cl=patents with cystic fibrosis who were glucose intolerant 
(n—7), W-pattents with cystic fibrosis with a raised HbA, 
concentration, including the glucose intolerant patients 
(n—24), and B=patents with a normal oral glucose 
tclerance test and HbA, concentration (n=37) 
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Table 1 Details of patients with cystic fibrosis who were positive for islet cell antibodies 
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"Insulin dependent 


antibodies were in this age group giving an incidence 
of 37% (seven out of 19). The mean (SD) Shwach- 
man score (58 (17)) for patients with islet cell anti- 
bodies did not differ significantly from patients 
without (65 (18)) in this age group or with the 
glucose intolerant patients (mean 62 (16)); this 
indicates that they did not have more severe clinical 
disease. Six (8576) out of seven patients who were 
positive for islet cell antibodies had HLA-DR3 or 
HLA-DR4 antigen. Only one patient had other 
autoantibodies present in addition to islet cell 
antibodies (patient 5, table 1). 

The results of the HLA typing and autoantibody 
tests in the patients shown to be glucose intolerant 
by an oral glucose tolerance test are shown in table 
2. The ages ranged from 3-6-19-6 years. Two of 
these patients (as discussed earlier) had islet cell 
anti-bodies detected and only one antinuclear anti- 
bodies. 

There was no family history of insulin dependent 
diabetes in the patients with cystic fibrosis in this 
study, and there were no sibling pairs in the group 
who were positive for islet cell antibodies or were 
glucoseintolerant. Maturity onset diabetes developed 
in one grandparent of two patients (patients 5 and 6, 
table 1). 

Three patients had diffuse antinuclear antibodies, 
an overall prevalence of 796 (three out 46), and one 
in addition had parietal cell antibodies. Two of these 
had mild lung disease as assessed by Shwachman 
score, lung function tests, and scores on chest 


radiography. 
Discussion 


Evidence of impaired glucose tolerance was found 1n 
39% (24/61) of patients with cystic fibrosis as 
assessed by a raised HbA, concentration. Factors 
that could produce glucose intolerance in these 
patients were excluded. There was no evidence of 
penicilloylated haemoglobin causing falsely raised 
HbA, concentrations. All patients were given 
prophylactic antibiotics; 40 had HbA, concentrations 
within the normal range. Patients with raised HbA, 
had impaired and delayed C peptide response to 
oral glucose loading indicating impaired f cell 
function.” Two patients with cystic fibrosis de- 
veloped insulin dependent diabetes, an incidence of 
3%. The increased incidence of glucose intolerance 
and diabetes found in this study is in accordance 
with the findings of others.1° The reported lack of 
correlation between age and glucose intolerance was 
confirmed,” ^ indicating that aetiological factors 
other than pancreatic islet cell disruption with 
progressive fibrosis may be important in the de- 
velopment of glucose intolerance and diabetes in 
some patients with cystic fibrosis. 
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Tebe 2 Derails of patiert: ww. cystic fib-osis who were glucose intolerant (by oral glucose tolerance test) 








Panext Sez Age Shwcch nam HLA-A HLA-B HLA-DR Islet ceil antibodies Other 
NC (years) score OO — autoantibodies 
Convenhonal Complement fixing 
8 M 3.6 80 $1 13,18 3, = 8 
9 F 9-1 75 1,9 7,8 2,3 = e 
10 EF 133 80 3,9 T 5,6 d = 
1i M 162 50 10,11 18,27 2,4 — - Antinuclear antibody 
diffuse 
12 M 175 50 19 5,12 5,6 = ax 
1t F 17-3 45 1,11 8,35 3,4 + si 
2 F 19 6 95 1,3 8,35 3,6 t - 





“Irsu.in dependent. 


Genetic linkage between the cystic forosis and a 
thatetogemic associated gene i; unlikel- as there 15 
no increased incidence >f cys-c Abrosis in families 
witk insulin dependen: liabetes. Schwarz et al 
repartec she results of =LA. typing on. six patients 
witt cystic fibrosis who developed diabetes 
melitus." Only two ot tiese patients had HLA- 
DR3 or HLA-DR4 antiz2as in contrast with 53 out 
of 55 ch.ldren with insulin dezendent ciabetes also 
included m the study. Tke hrgh inciderce of HLA- 
DR3 or HLA-DR4 ant gens m this latter group is 
ccneistemt with the strome ass-aation between these 
al eles erd insulin depemdea- diabetes reported 
elsewhere." The relative risk cf developing diabetes 
is 1ircrezs2d five times in amy individcal with the 
inhentance of HLA, DEZ, or «R4 pherotype.? The 
evidence suggests that the senes wich confer 
susceptibility to the development of in: ulitis are in 
linkage disequilibrium with. HLA-DR3 or HLA- 
DR4, although recent zvidzmce suggests that the 
drest involvement of the DG f gene atan adjacent 
locus may be more sgriftcant.? Ws found an 
incr2ase in HLA-DR3 zangen in the patients with 
cystc fibrosis in this stud} particularly in the 
petients shawn to be gv cos2 intoleract. This was 
not significant, however. pcesibly because of the 
smal number of patients m tks study. Both of the 
pstisnts with cystic fibrosis wao had insulin depen- 
den: diabetes had HLA-B* and H_A-DR3 in 
acd:ition to islet cell entibo-hes. Ther diabetes, 
however, has followed -Rc course chasacteristic of 
petients with cystic fibrosis rataer than juvenile 
onset diabetes. Neithe- tad a family history of 
diabetes and no episcdes o^ xetoaddosis have 
occurrec despite recurrert chest infections. In addi- 
tion the :zsulin dosage require 110 obtain reasonable 
diabetic control was mccerate with insalin dosages 
of C-8 and 1-3 units/kg/2- roars. 

Idet c21 antibodies w2:c detected in seven out of 
46 (1596) of the patients with cystic fib-osis investi- 
gated, sx of whom had HLA-DR3 or HLA-DR4 


antigens. All were older than 11 years giving an 
incidence in the 11-23 year age group of 37%. 
Dividing the patients into two groups, five out of 20 
(25%) patients with cystic fibrosis who had evidence 
of impeired glucose tolerance as assessed by HbA, 
were positive for islet cell antibodies compared with 
two out of 26 (8%) of those with normal glucose 
tolerance. This difference is not significant possibly 
because of the small number of patients studied but 
it shows an interesting trend. It is known that the 
presence of islet cell antibodies may precede the 
development of glucose intolerance by a number of 
years. These patients will be studied prospectively to 
determine the final outcome. 

The incidence of islet cell antibodies in a normal 
population detected in our laboratory is 0-596 
comparable with that reported by others (0-596 of 
434 control subjects). In patients with insulin 
dependent diabetes the prevalence of islet cell 
antibodies is reported to be dependent on the 
duration of the diabetes. The presence of islet cell 
antibodies more than five years after diagnosis was 
positively correlated with the presence of HLA-A1 
and HILA-B8"!; these were present in both our 
diabetic patients. There is evidence that the onset of 
type I diabetes is slow and develops over several 
years. ^ 5. 8 Cell function may deteriorate 
gradually during this time with clinical presentation 
possibly precipitated by a viral infection.” The 
increased incidence of islet cell antibodies in our 
patients with cystic fibrosis may reflect that in those 
patients who have a genetic predisposition an 
autoimmune response may be mounted to damaged 
pancreatic tissue with the production of antibodies 
to islet cells. This may result in further B cell 
destruction. Evidence of impaired p cell function 
was present in five out of seven (7196) patients 
positive for islet cell antibodies at the time of the 
study. The production of these antibodies was not 
seen to be part of a generalised autoantibody 
response to increased antigenic stimulation as only 
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one patient positive for them had other autoanti- 
bodies present. 

In conclusion, evidence of impaired glucose toler- 
ance was found in 24 out of 61 (39%) of the patients 
with cystic fibrosis who were studied. There was no 
correlation with age suggesting that factors other 
than increasing pancreatic fibrosis may be re- 
sponsible for impaired islet cell function. An mn- 
creased prevalence of islet cell antibodies was found 
in the population of patients with cystic fibrosis 
particularly those with evidence of impaired p cell 
function. We postulate that islet cell antibodies may 
play a part in the development of glucose intolerance 
in a proportion of these patients, being produced in 
genetically predisposed individuals as part of an 
autoimmune response to damaged pancreatic tissue. 


We thank Mrs D Bolger and Mrs § Longworth for typing this 
paper, 
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Outcome after antenatal diagnosis of upper urinary 
tract dilatation by ultrasonography 


T R GUNN," J D MOEA,” AND P PEASEt 


'*St Helens -Tospital, Department? of Faediatrics and 1 Departrsent of Paediatric Surgery, School of Medicine, 
University cf Auckland, New Zealand 


SUMMARY A prospect ve stt dv was carried out during 1986 to find out the incidence of fetal 
renai trac: anomalies i2 322& pregnant mothers delivered in one hospital. Ultrasound examina- 
tion of the fetus was per-ormed as part of the routine antenatal assessment at 16-20 weeks’ gesta- 
tion, and iater examirztions were cone if there were obstetric indications. Fetuses with any 
degree of zilatation of “he rer al pelvis or other renal trect anomalies were followed up with serial 
ultrasound examinatiomz in wero anc then postnatally at 6 days and 6 weeks of age, or earlier if 
indicated. 

Nc renal tract anomél es were detected before 28 weexs' gestation, but of 761 fetuses examined 
later. 62 had dilatation Df the renal pelvis not associated with overdistended bladders, and one 
fetus was anephric. Afer bir-h 10 of these infants (16%) were found to have pronounced renal 
tract abnormalities. Three wko had associated serious congenital abnormalities died, five infants 
had obstruction of tte pelziureterc junction, and two infants had vesicoureteric reflux. 
Antenatal ultrasonographic examination after 28 weeks identified pronounced renal tract 
abnormalities in asymp-ométr infants. with a frequency of 9-2/1000 births (seven of 761) thus per- 


mittiag ezrly treatment and reducirg the incidence bf late complications. 


The develcpment of ultresound examination of the 
fetus has resulted in the rientifli-atior: of many fetal 
abno-malities. In particular, aonormalries of the 
fetal arinarv -ract are bei recegmised more often, 
as hydronerhrotic and cys-ic ies ons are 2asily seen 
on ulitrasorcgraphy anc olizchydramrios is an 
indicetion for maternal scanning. If serious fetal 
urina-y tract abnormalitiz; are diagnosed they are 
reliatle ind.cators of urrary tact disease in the 
infan-. 7 

In order to identity what p-oportion of minor 
abnormalites of the fetzl rena pelvis orogressed 
to p-onourced hydronephrosis and renal tract 
disease in the postnatal perioc, we studied their 
occurrence and natural listos. At ths hospital 
ultrasound examinations cre per-ormed routinely on 
all pr2gnant women, usuzlly a: -6-20 weeks’ gesta- 
tion cr on =rst presentation tc the antenatal clinic, 
and .ater examinations are cone if there are 
Obste-ric inZications. All "Ee irfznts 1nclu-led in this 
study were delivered at ome obstetric hospital in the 
year 1986. 

We report the outcome of patients with upper 
urinary trect dilatation aot sSsociatec with an 


overd.stended bladder that was diagnosed ante- 
natall. and in the absence of other renal lesions, 
such 3s cystic dysplasia. 


Patierts and methods 


There were 62 patients in whom prenatal ultra- 
sonographic diagnosis of unilateral or bilateral 
dilataio3 of the renal pelvis was made. All ultra- 
sound examinations were performed with real time 
ultrascund equipment using a 3-5 MHz transducer. 
The fé-al anatomy was carefully screened by the 
staff radiologists. Measurements were taken of the 
bipariztal diameter, the abdominal diameter, and 
the leagth of the fetal limbs. The kidneys and urin- 
ary bladder were localised and morphology and size 
were noted. The examination before 20 weeks' 
gestat on was intended to assess gestational age and 
the pxesence of more than one fetus, and also to 
detect fetal malformations. Those women who pre- 
sentec late for booking were scanned at their first 
visit t2 the clinic. There were no further routine 
ultrasound examinations done, but late scans were 
done «hen clinically indicated to assess fetal growth 
and p acental site, or for other obstetric reasons. 
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Before 30 weeks’ gestation collecting systems 
were seldom visible as more than echolucent slits; 
any that were more obvious were regarded as 
suspicious and were monitored by serial sonograms. 
A visible ureter was regarded as abnormal. After 30 
weeks’ gestation a visible ureter was still regarded as 
abnormal. Fluid clearly visible 1n a collecting system 
unilaterally was also considered abnormal and moni- 
tored by serial sonograms. Bilateral prominence of 
the collecting system was assessed subjectively. If 
the width of a collecting system measured in the 
anterior posterior diameter was simular to its length, 
abnormal dilatation was a possibility and follow up 
studies were done. 

The maximum length of each collecting system 
was measured and recorded in an attempt to 
establish base line values. This method differs from 
other recently published studies in which the an- 
terior posterior diameter was chosen.*!° We chose 
the length because it ıs easier to measure, and is 
more likely to reflect abnormalities of the renal 
infundibula or calyces, or both. The amniotic fluid 
was evaluated qualitatively as polyhydramnios, 
normal, or oligohydramnios. In no case was either 
antenatal surgical intervention or premature induc- 
tion of labour undertaken. When a urinary tract 
anomaly had been detected antenatally, the patients 
all had serial sonographic examinations either 
antenatally or postnatally. The same paediatrician 
examined all the infants after birth. Repeat ultra- 
sound examinations were done at 6 days and at 
6 weeks after delivery or earlier in infants in whom 
moderate or severe dilatation of the calyces had 
been seen prenatally. Micturating cystourethro- 
grams and intravenous urograms were performed in 
15 cases to establish the diagnosis, and surgical 
evaluation and correction were undertaken in three. 


Results 


From 1 January to 31 December 1986 3228 infants 
were born. A total of 4070 fetal ultrasound examina- 
tions were performed before 28 weeks' gestation, 
and an additional 761 fetal examinations were done 
after 28 weeks' gestation for obstetric reasons. No 
renal tract abnormalities were identified in the fetal 
ultrasound examinations before 28 weeks' gestation, 
even in those fetuses in which later scans showed 
urinary tract abnormalities. In the 761 fetal exami- 
nations done after 28 weeks' gestation there were 62 
fetuses (876) 1n which unilateral or bilateral dilata- 
tion of the upper urinary tract was found. No fetuses 
had obstruction of the bladder neck on ultrasound 
examination. All the infants who had renal abnor- 
malities on later evaluation were in the group in 
which the total length of the fetal renal collecting 


system was dilated to more than 15 mm before full 
term. 

The antenatal ultrasonographic findings are com- 
pared with the postnatal diagnoses in table 1. The 
postnatal ultrasound scans at the end of 6 weeks of 
life were normal in 40 of the infants. A further five 
infants were lost to follow up. The three infants who 
had antenatal diagnoses of renal tract malformations 
in association with other major congenital 
abnormalities all died. One fetus was anephric on 
scanning and Potter’s syndrome was confirmed at 
necropsy. One fetus with bilateral hydronephrosis 
had congenital heart disease confirmed at necropsy, 
and one with hydronephrosis had trisomy 13. 

Fifteen infants had persisting renal tract dilata- 
tions on postnatal ultrasound examination at 6 
weeks of age, and so micturating cystourethrograms 
and intravenous urograms were performed (table 2). 
In eight of the 15 the examinations were normal, 
though three of the eight had large extrarenal 
pelvises, which are considered to be a variant of 
normal. 

In seven of the 15 infants renal tract abnormalities 
were confirmed. There were two infants with grade 


Table 1 Antenatal and postnatal ultrasonographic findings 
in 63 patients 


Total No No of deaths 
Antenatal findings: 
Absent kidneys 1 
Dilatation of renal pelvis 62 
Postnatal findings: 
Potter's syndrome 1 1 
Hydronephrosis and tnsomy 13 1 1 
Hydronephrosis and congenital 
heart disease 1 H 
Ultrasonography normal by 
6 weeks of age 40 0 
Ultrasonography abnormal at 
6 weeks of age 15 0 
Lost to follow up 5 Not known 


Table 2 Results of micturating cystography and 
intravenous urography in 15 infants with dilatation of the 
renal pelvis persisting after 6 weeks of age 








Results No of 
infants 
No abnormahty 8 


Unilateral obstruction of pelviureteric junction 

corrected by pyeloplasty 3 
Minor unilateral obstruction of pelvi 

ureteric junction under observation 2 
Vesicouretenc reflux grade 2 or 3 2 
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2 or 3 ves.ccureteric reflux who were zven long 
term antibi-ztic treatment Five infants hed obstruc- 
tions of :he pelviureter c junctions, aid Hines- 
Anderscn. zyeloplasties were percormed in three 
with relef of the obstr-ioa. Two with minor 
Obs-ruct-ons were still uncer observation at the time 
of wrting and were on Dag term antibiotic treat- 
ment bececse of recurrert amnary tract .nfections. 
Thus 10 Ë che 63 fetuse- that had renal tract 
anomalies. identified by vLItrasonograohy screening 
(1696 had pronounced renel tract abnormalities in 
the neona-zl period, three >= which were associated 
with other lethal congeital malformma'ions. We 
were able :o 1dentify sever 7ctvses with minor dilata- 
tion of the renal pelvises who kad pronounced renal 
tract abnormalities that r2juired postnatal treat- 
ment and that could not 3: diagros2d 5y clinical 
postnatal »zamination. This is an mc derce of 9-2/ 
1000 (seven of 761) fetuses scanned ater 28 weeks’ 
gestaton. 


Discussion 


Early diagnosis of upper zemal tract obst-uction or 
reflux is walortunately sekGom poss:ble from the 
clinical sigas of a palpable abdominal mass, haema- 
turia, or recurrent urinary -rac: infections, because 
these lesicrs are often symptomless until severe 
renal damage has occurrec. ' he timing of the surgi- 
cal correct cn is thought tc >2 mnportant ir. reducing 
chransc reial insufficienc™. as the best results are 
achizved 13 infants operated on in the first year of 
life. 

We have analysed the 2fricecy of routine ultra- 
sound screering for diagnos ng fetal upper urinary 
tract cilatet.on after 28 w22<s’ gestation as part of 
the materrad antenatal evelaatioas. In the antenatal 
perioc we .centified importaat tenal tract abnorma- 
lities tnat could not be found bv clinical examination 
of the newborn infant with £ frequency o? 9-2/1000 
births. V/e also identified the infans with lethal 
congenital abnormalities im addition tc renal abnor- 
malities, who comprised 30% of the group. This is 
simiar to te findings of Eobbins e al. 

In tae early reports of the antenatal diagnosis of 
urinary trac: abnormalities -kere wes £ merked bias 
towards severe cases? © 1? ans] only a few cases were 
found to be ncrmal in the >>stmatal perioc. Nicolini 
et al ^ however, reported a trequency of talse posi- 
tives of 42%. Their series nduded a number of 
cases referred because of s13pic-cus ultrascund find- 
ings. -n o1c study of paizats from the obstetric 
populetion >f one hospiti, the zate of dis- 
appea-ance of dilatation cf he renal pelvis during 
antenztal or postnatal life was much higher (83%). 
We heve, acwever, followec ud a group Df fetuses 


identi=ed mainly by minor degrees of dilatation of 
the renal pelvis. 

Arger et al? reported that any fetus with a renal 
pelvis larger than 10 mm had pronounced hydro- 
nephresis warranting close follow up. A morpho- 
logic dassification of fetal urinary tract dilatation 
has been proposed by Grignon et aP who suggested 
that an anterior posterior diameter of the renal 
pelvis of less than 10 mm should be considered phy- 
siological as this disappeared in 97% of the infants in 
their study. Our study confirms these findings. We 
found that an abnormality was likely in those fetuses 
with d.lated renal 1nfundibula, or visible calyces, or 
both. The total length of the collecting system was 
greate- than 15 mm before full term in all the in- 
fants who had renal abnormalities on follow up 
examiaation. 

We found, however, that in several cases the 
degree of dilatation in the fetal period did not corre- 
late wah the chance of serious abnormality requiring 
surgiczl correction later. In some cases minor dilata- 
tion o: the fetal renal pelvis progressed to severe 
obstru-tion requiring postnatal surgical correction, 
while 1n others serious dilatation resolved com- 
pletely during the period of observation, either in 
utero or after birth. This is m agreement with the 
findings of others.” '? Frequent antenatal and early 
and re>eated postnatal ultrasonographic evaluations 
are therefore necessary. 

The natural history of dilatation of the fetal renal 
pelvis 5s not yet completely understood. Fetal hydro- 
nephrcsis without dilatation of the bladder seems to 
occur mainly after 28 weeks' gestation, as 1t was not 
diagncsed in any fetal examination before 28 weeks' 
gestation in our series. This may be due to a con- 
siderable increase in fetal production of urine from 
27-32 -weeks' gestation with correspondingly less 
increase in kidney size.” ^ 

The incidence of upper urinary tract abnormali- 
ties requiring postnatal treatment was higher in our 
senes than in earlier reports" ^ and this may be 
because we followed up all those with even minor 
degrees of fetal dilatation of the renal pelvis. The 
most frequent cause of hydronephrosis was obstruc- 
tion cf the pelviureteric junction, and surgical 
correction was required 1n some of the infants in the 
first fe»; months of life resulting in satisfactory renal 
functicn. Other infants with minor delay at the 
pelviureteric junction continue to be evaluated and 
long term antibiotic treatment for recurrent urinary 
tract imfections is required. 

Nicctini et al? reported that mortality, morbidity, 
and rezal damage were not associated with the time 
between prenatal diagnosis of hydronephrosis 
(when the bladder 1s normal) and operation (when 
this is performed in the neonatal period). They 
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agreed with Berkowitz et al? who did not recom- 
mend premature induction of labour or shunt place- 
ment in utero with its attendant risks. Antenatal 
operation should be considered only for severe 
bilateral obstruction of the upper urinary tracts— 
which is extremely rare—or for severe dilatation of a 
solitary kidney. Bilateral dysplastic kidneys follow 
complete obstruction early in development, and the 
fetus with this abnormality has a poor prognosis.! 
The development of oligohydramnios seemed to be 
the most reliable indication of severe impairment." 

There are different degrees of severity of vesi- 
coureteric reflux, and infants with gross reflux under 
the age of 1 year are those most at risk of developing 
renal parenchymal damage. Primary  vesi- 
coureteric reflux is an autosomal dominant con- 
genital lesion with variable clinical expression,” and 
early detection would permit early antimicrobial 
prophylaxis or corrective operation, or both. It is 
possible that routine renal ultrasonography after 28 
weeks' gestation would detect some of the fetuses 
with severe vesicoureteric reflux, we found two in 
whom early treatment was possible. 

Reflex nephropathy can have serious com- 
plications—such as hypertension—and was the 
principal diagnosis in 12% of the patients entering 
one dialysis and transplant programme.” The capa- 
bility of a general ultrasound screening programme 
to detect fetal urinary tract malformation has also 
been evaluated by Helin and Persson. They 
performed routine ultrasound examinations at 17 
and 33 weeks’ gestation, and almost all the renal 
abnormalities were found at the second examina- 
tion. Our study confirms these results, and we sug- 
gest that all pregnant women should have a second 
routine ultrasound examination performed after 28 
weeks’ gestation to identify fetal malformations in 
the renal tract as well as growth and obstetric 
abnormalities. 

This approach should be investigated further to 
delineate the natural progression of fetal renal tract 
abnormalities and to calculate the cost effectiveness 
of fetal screening in reducing late complications by 
early evaluation and treatment of asymptomatic 
neonates.” ?! 
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Biotinidase deficiency: a survey of 10 cases 
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SUMMARY ‘Ten patiencs with Eiotinrlase deficiency were studied. Clinical findings at presenta- 
tion variec with dermztclozical sign: (dermatitis and <lopecia), neurological abnormalities (fits, 
hvypctonie and ataxia), enc recurrent infections being he most common features, although none 
of tres2 cecurred in every case. Biochemically the disease is characterised by metabolic acidosis 
and orgamic aciduria Treatment with biotin results in pronounced, rapid, clinical and 
biociemical improvemeat, but some patients have residual neurological damage comprising 
neurosensory hearing .css, visual pathway defects, ataxia, and mental retardation. The cause of 
this 2ermanent damage remains obscure and it is not clear if the early introduction of treatment 


will praveat it. 


Biotia is a cofactor required by acetyl CoA carboxy- 
lese (ACC; EC 6.4.1.2], ryruvate carboxylase (PC) 
[EC 5.4.1.1]. propionyl CoA carboxylase (PCC) 
[EC 6.4.1.5 and 3 methy crot2nyl CoA carboxylase 
(MCC) [EC 5.4.1.4.].! It is covalently zttached to 
the apocarboxylases by the epsilon amne group of a 
lysine residre, where it fucc-ions at the active site as 
a carbon d.oxide carrier -m the carboxylation reac- 
tions. Biotmylation of th» apzcarboxylazes is cata- 
lysed by holocarboxylase :rnthetase in am adenosine 
triphosphate dependent »seaction with the inter- 
mediate fcrmation of Lio inyl adenosme mono- 
phosphate. The turnover of carboxylzses yields 
biotiryllysiz (biocytin) Eom wh:ch biotin is re- 
generated Ty the action cf a specific amidolyase, 
biotiridase [EC 3.5.1.12L. This enzyme is also 
required fcr the release cf dietary protein bound 
biotir. 

Individuel inherited diso-ders of all sour biotin 
deperdent carboxylases hare been repcrted.*>? In 
addition, pxients with smaultaneous detects of all 
four enzymes (combinec cerboxylase deficiency) 
who showed remarkable -inmxal and b ochemical 
responses tc pharmacolozkal doses of Hotin have 
been descnzed. In some peherts (usvally neonates) 
this biotin responsiveness i5 a'so expressed. n cultured 
cells wherezs in others (v3» usually present later) 
no defect can be found. In ‘ke ma:ority of patients 
with late orset combined -arbexylase def ciency the 
undenying defect is biotimidaze deficiency. The 
eerly onset form, on the other hand, is due to 
holocarboxz.ase synthetase leficiency.!! Thus com- 
bined carbo» ylase deficiercy can be czuse1 by either 


a functional biotin deficiency (biotinidase deficiency) 
causei by failure to recycle endogenous biotin and 
to liberate dietary biotin, or by defective biotinylation 
of apccarboxylase because of a mutant holocarboxy- 
lase synthetase that has an increased K,, with 
respect to biotin. In both these inborn errors, 
treatment with pharmacological doses of biotin may 
correct the disorder. 

Holocarboxylase deficiency usually presents 
acutely in the neonatal period but occasionally 
becomes apparent later It is characterised by severe 
metatclic acidosis, organic aciduria, hyperammo- 
naemz, lethargy, hypotonia, and vomiting Biotini- 
dase deficiency shows a less consistent clinical 
pictur= and Wolf et al? documented the phenotypic 
variatons though some of the cases were 
misassigned.!^ The occurrence of persistent auditory 
and visual defects is now well recognised. !^ 16 

We present our findings in 10 cases of definite 
biotin dase deficiency and suggest that although 
there is complete resolution of the biochemical 
abnormalities, there may be residual defects in some 
patients. 


Case reports 


Symptoms at presentation and long term complica- 
tions cre summarised in the table. 


CASE L 

This pz-ient was first described by Bartlett et al (case 
3). She was born in 1974 weighing 3350 g, the first 
child =f related Irish parents; she has a younger 
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Table Clinical presentation and outcome of 10 cases of biotinidase deficiency 











Case No 
I 2 3 4 5 6 7 8* 9 10 
Age at onset (months) 5 10 3 25 7 L5 8 18 18 
Age treatment started (months) 10 15 22 8 75 17 9-5 25 24 24 
Symptoms: 
Ataxia No Yes Yes No No Yes Yes * Yes Yes 
Hypotonia Yes Yes Yes No No Yes Yes ? Yes Yes 
Fits No No Yes Yes Yes No Yes = No No 
Developmental delay No No No Yes No Yes No * No No 
Alopecia Yes Yes Yes Yes No Yes Yest Ñ No Yes 
Dermatitis No Yes No Yes No Yes No ? No Yes 
Respiratory infections Yes Yes Yes Yes No Yes Yes a Yes No 
Long term complications 
Auditory Yest Yest Yest No No No Yest No Yest No 
Visual No Yest Yes No No No No No No Yes 
Intellectual No No Yes No No Yes No No No No 
Ataxia No No No No No No Yes Yest Yes No 


*Recerving presymptomatic treatment tsymptoms diagnosed or presenting during treatment 


sister who is well. She developed normally until she 
was 5 months old when, after an upper respiratory 
tract infection, she was noted to be hyperventilating. 
This persisted and at the age of 8 months she was 
admitted to hospital for investigation. During the 
next two months she became so hypotonic that 
virtually all spontaneous movement ceased. She had 
a persistent compensated metabolic acidosis, and 
urinary organic acid analysis at the age of 10 months 
showed large amounts of 3-hydroxyisovaleric acid 
and 3-methylcrotonylglycine. Based on these find- 
ings a diagnosis of MCC deficiency was made and 
treatment with biotin (5 mg twice a day, later 
reduced to 5 mg daily) was started. Within 24 hours 
the hyperventilation stopped, and by the end of a 
week there had been considerable improvement in 
the hypotonia. When reviewed at the age of 11% 
months she was alert, could sit unsupported, reach 
out, and play. 

At the age of 20 months she was thought to be 
normal, but at the age of 24 years her speech was 
delayed and she had a profound neurosensory 
hearing loss. Apart from juvenile glaucoma diag- 
nosed at the age of 6, development has otherwise 
been normal. Studies on cultured skin fibroblasts 
brought the diagnosis of MCC deficiency into doubt 
as the activities of two of the carboxylases were 
normal (R Chalmers, personal communication). 
Biotinidase activity was later undetectable. 


CASE 2 

This patient has already been described by Taitz et 
al, Charles et al, and Taitz et al (case 1 in each 
report)./° 18 1? He was born in 1977 weighing 2900 g, 
the second child of unrelated English parents; his 


older sister is normal. Although he suffered from 
recurrent respiratory tract and eye infections he 
progressed normally until the age of 10 months 
when he developed a rash and alopecia, and became 
unsteady with truncal ataxia. Acid base balance at 
that time was normal. 

By the age of 15 months he had regressed to a 
developmental age of 1 month and was profoundly 
hypotonic. At this time a metabolic acidosis was 
noted; plasma lactate was raised (8-9 mmol/l, 
normal range 0-56-22 mmol/l) and unnary 
organic acid analysis showed excessive amounts 
of 3-hydroxyisovalerate, 3-methylcrotonylglycine, 
methylcitrate, and 3-hydroxypropionate. 

He was given biotin 10 mg a day with remarkable 
effect. His neurological state returned to normal 
within three days, the dermatosis, alopecia, and 
recurrent eye infections resolved, and the respiratory 
infections improved. He now has a neurosensory 
hearing loss as well as a conductive hearing loss 
secondary to glue ear, and profound myopia with 
evidence of acquired retinal dysplasia. These defects 
were not detected before the biotin was started and 
they now seem to be stable as he has had no further 
deterioration in his visual or hearing acuity for four 
years. Development otherwise has been normal and 
at the age of 9 years he was making good progress 
intellectually, was 1n the upper stream in his class, 
and was thought to be well above average 1n his 
academic ability. Biotinidase was measured later; no 
activity was detected. 


CASE 3 
This patient was first described by Taitz et al (case 
3). He was born in 1979 weighing 2020 g, the 
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secord child of unrelated Irdar pareats. Apart 
from beirg ‘chesty’ he wes wai until the age of 3 
montas wher. he developed ccavulsions that were 
not controlled by phenoba-bito-. Acidosis was not 
notec. D2v2]lopment was normal durinz the first 
year but thereafter he begar to regress. At 16 
montis hz »ecame unwcl. wit a pyrexial illness, 
diarrhoea, vomiting, and a ch=+t infecticn; he also 
developec alopecia. There was 30 note cf acidosis. 
At the aze of 22 moxhs k= was admitted to 
hospi-al for investigation wher= 3e was found to be 
hvpotonic amd grossly atazic, aze had reg-essed to a 
developmental age of 1142 rrenths; he was bald 
and tachypmoeic with a -hrozic chest infection. 
Fuadoscopy showed no abnoemzlity, »ut visual 
evoked responses suggest21 the possibility of some 
loss cf fuacaon of the v sual pathways or cortex. 
Ur:nary o-gar.ic acid anal7zis sac wed a large excess 
of 3-hydraxybutyrate aad 24 ydroxyisovalerate. 
Leucccyte carboxylase actvities vere reduced (PCC 
3:076. MCC 0-875, PC C8%. and ACC 2:396, 
expressed as percentages cf the m ezns of the normal 
ranges). Bic'in 10 mg a day was =arted and resulted 
in 3eurolcgical improverrent within days, his hair 
regrev/, and zhe chest infection: cccurred ess often. 
Leucccyte cerboxylase act xities turned to normal. 
His speech, however, did mot —rgress and he was 
found to Eaxe a severe nevrose-sory dea7ness. His 
develcpment is also generally Aldly delzyed. Bio- 
tinidase activity was subsequent ~ undetectable. 


CASE 4 

This boy wes born in 19723 wephing 1480 g, the 
second chidd of related parents of Scott.sh tinker 
stock. An older sister is wei] an- another child was 
stillbo-n at 54 weeks’ gestetion. =e is related to two 
other children with biotinzlase c -ficiency (case 6 in 
the present report and case 2 -2orted by Taitz et 
al). He was delivered at 37 weeks’ gestation by 
caesarsan section for fetzl dscress preceded by 
intrau:erin2 growth retardation at 10 weeks he had 
a generalisiel convulsion that wes trected with 
phenooarbttcne. At the zge cf 3 montks he had 
three more fits and the doze of -ienobartitone was 
increased. H2 was admitted to 3cspatal at the age 5 
months for repar of a strergula:sd hernie at which 
time it was roted that he wes fe: frag to thrive, and it 
was found tha: he had a hastory of recurrent upper 
respiretory tract infections 5lerhintis, and staphlo- 
coccal skin infections. A opeca, developmental 
delay, anc regression w27e aro noted and an 
intermattect compensated metzlolic acidosis was 
found. At te age of 6 monchs the fits recurred and 
despite treatment with axicom«lsant drugs pro- 
gressed to status epilepticus. Tle mild metabolic 
acicos:s p2rsisted with & raiszd plasma lactate 


concentration (4-8 mmol/l, normal range 0-67-1-7 
mmol/l). Urinary organic acid concentrations were 
normal. By the age of 7 months there was a constant 
profound metabolic acidosis and analysis of urinary 
organic acids revealed excessive excretion of 3- 
hydroxyisovalerate and 3-methylcrotonylglycine. 
Leucocyte carboxylase activities were reduced 
(PCC, PC, and MCC all less than 1% of normal). 
Plasma biotin concentration was 0:3 mmol/l 
(normal 0:29~1-9) measured by an avidin binding 
assay that does not distinguish between biotin and 
biocytin. " 

At the age of 8 months biotin 10 mg a day was 
started and within four days it was possible to stop 
all anticonvulsant treatment. Leucocyte carboxylase 
activities returned to normal (PCC 63%, MCC 
113%, and PCC 61%, all activities expressed as 
percentage of the means of normal ranges) and the 
plasma biotin concentration was 113 mmol/l. 

At the age of 542 years he appeared to be 
developing normally within his cultural and social 
background. Hearing and vision seemed normal, 
although formal testing was not done. 


CASE 5 

This girl was born in 1982 weighing 2730 g, the third 
child of related Pakistani parents. One sibling died 
at the age of 444 months of ‘twitching’, the other, 4 
years older than the patient, was well at the time of 
writing. 

She was admitted to hospital at the age of 7 
months with tachypnoea of sudden onset and 
twitching of the face and limbs. She was found to be 
developmentally normal although unable to sit 
unsupported; tone and reflexes were normal. She 
had a oersistent compensated metabolic acidosis 
(hydrogen ion concentration 39 nmol/l, base deficit 
—10 mmol/l) and plasma concentrations of pyruvate 
and lactate were raised (0-12 mmol/l, normal range 
0-041-0-067, and 2-98 mmol/l, normal range 1-1-8, 
respectively). The twitching ceased when the acido- 
sis was corrected with bicarbonate. Five days later 
the twitching recurred and she became hypotonic 
with poor head control. A metabolic acidosis was 
noted (hydrogen ion concentration 40 nmol/l, base 
deficit —7-3 mmol/l). Urinary organic acids were 
abnormal with a large excess of 3-hydroxyisovalerate, 
and ccncentrations of 3-methylcrotonylglycine, 
methylcitrate, and 3-hydroxypropionate. A pro- 
visional diagnosis of 3-methylcrotonylglycinuria was 
made and she was given biotin 5 mg twice a day. She 
improved. within four days, and three weeks later 
was able to sit unsupported. Since that time she has 
remained well with no evidence of developmental 
delay, or visual or auditory problems. Biotinidase 
deficiency was later proved. 


CASE 6 

This girl was born in 1981 weighing 2810 g, the first 
child of related Scottish tinkers and is related to case 
4 in the present study and to another child with 
biotinidase deficiency (case 2 reported by Taitz 
et al'5). She had recurrent stridor from the age of 
6 weeks resulting in several admissions to hospital 
and at 16 months she was admitted acutely ill with a 
24 hour history of fever, vomuting, stridor, and 
drowsiness; she was hypotonic and comatose with 
truncal ataxia, stridor, alopecia, and a rash. Her 
condition improved after intravenous fluid replace- 
ment but she had gross developmental delay (a 
developmental age of 5 months) and small head 
circumference for her age. She had a metabolic 
acidosis and raised plasma lactate and pyruvate 
concentrations (3:3 mmol/l, and 0-12 mmol/l, res- 
pectively); analysis of her urine showed excessive 
excretion of 3-hydroxyisovalerate, 3-hydroxybuty- 
rate, succinate, and 3-hydroxy-3-methylglutarate. 
Plasma biotinidase activity was undetectable. 

She was given biotin 5 mg twice a day, and 
improved within three weeks, further improvement 
was steady with no recurrence of the respiratory or 
cutaneous features. Head growth has since been 
satisfactory but there 1s some cognitive delay (de- 
velopmental quotient 38 months at 46 months). 
There was no evidence of visual problems or of 
auditory handicap (chnically, with brain stem 
evoked responses, or on audiometry) either before 
or after treatment. 


CASE 7 

This boy was born in 1982 weighing 3160 g, the first 
child of unrelated British parents. He was initially 
well with normal development and could sit unaided 
at the age of 7 months, but at the age of 8 months he 
presented with ataxia, hypotonia, seizures, and 
recurrent respiratory infections. Investigations 
showed a persistent metabolic acidosis with raised 
plasma lactate concentration (maximum 4-75 mmol/l) 
and urinary organic acid analysis showed increased 
3-hydroxyisovalerate and 3-methylcrotonylglycine. 
Plasma biotinidase activity was unrecordable Biotin 
10 mg a day resulted in considerable improvement 
within 24 hours and this continued until all his 
symptoms resolved apart from a mild limb and 
truncal ataxia. Alopecia developed immediately 
after the start of treatment but subsequently resolved. 
Neurosensory deafness was noted later (this had not 
been tested before treatment). 

Development, apart from some speech delay 
(probably secondary to deafness), has been within 
normal limits. Mild hmb and truncal ataxia con- 
tinued to be present at 442 years of age and 
intermittently became more severe, usually in 
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association with minor infections. These exacerbations 
are resolved by temporarily increasing the biotin 
dose to 15 mg daily, but compliance may not be 
good. 


CASE 8 

This patient has previously been described by 
Wallace.” He was born in 1984 weighing 3500 g, 
and is the full brother of case 7 in this report, the 
second child of the parents. Biotinidase deficiency 
was diagnosed presymptomatically in a sample of 
cord blood and confirmed in a sample of venous 
blood at 4 weeks of age. Biotin 10 mg daily was 
started at the age of 101^ weeks. Hearing and vision 
seemed to be unaffected before treatment. He de- 
veloped normally with no symptoms of typical 
biotinidase deficiency, but when he was 2 years 
old he was noted to have a mild ataxia though 
continuing on treatment; compliance, however, may 
not have been good. At 3% years of age his hearing, 
vision, and coordination are normal. 


CASE 9 

This boy was born in 1983 weighing 4120 g, the first 
child of unrelated English parents. He developed 
normally during the first year although he was 
always thought to be excessively clumsy. From 
about 18 months old he became increasingly un- 
steady and developed frequent upper respiratory 
tract and chest infections At the age of 22 months 
he was hyperventilating, hypotonic, and grossly 
ataxic in gait and speech; vision and hearing seemed 
normal. His hair and skin were normal but there was 
mild erythema of the conjunctivae. He had a 
compensated metabolic acidosis with a normal 
lactate concentration (1-9 mmol/l—reference range 
0-6 to 2-4) and raised pyruvate concentration (0-18 
mmol/l—reference range 0-04 to 0-08) Urinary 
organic acid excretion was abnormal with excessive 
amounts of 3-methylcrotonate, 3-hydroxyisovalerate 
and 3-methylcrotonylglycine. Leucocyte carboxy- 
lases were decreased (PCC 17%, MCC 17%, PC 
<1%, all activities expressed as percentages of the 
means of the normal ranges). 

Biotin 10 mg a day was started and his neuro- 
logical state improved within four days; this con- 
tinued for several weeks, eventually all the signs 
completely resolved. After about two months the 
dose of biotin was reduced to 1 mg a day He 
remained on this regimen for three months when, 
during a febrile illness, he became mildly ataxic 
again and the dose of biotin was returned to 10 mg a 
day. Since then he has remained well and has 
developed normally but he tends to become ataxic 
during intercurrent illnesses and his fine movements 
are rather clumsy At the age of 34 years his 
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hezriag was normal, but a: + years 3 morths he was 
found to be deaf with a nevrosensorv hearing loss. 


CASE 10 

This girl was born in 1987, the third chilc of related 
Iranizn parents. Their first chilc had died at the age 
of 1% years of pneumonia and skin lesioms, and the 
second child had died a: the age of 1 year of 
gastroenteritis. Their fcurh child seems to be 
normal. 

The patient was well wnril the age of 1% years 
when she developed an ext23siv2 erythematous rash 
and a opecia. A tentative T gnosis of acrcdermatitis 
enteropathica was made zr.c zmc supplements were 
given Shortly afterwarcs she developed gastro- 
enteritis, a metabolic acidosis, and exacerbation of 
her rash. This improved aad she was discharged 
from hospital taking zinz supplements. The rash 
resolved but recurred at 2 years of age when she 
again developed a severe ristatolic acidcsis, fever, 
sigas of cerebellar ataxia, myoclonic jerks, and 
exaggerated tendon reflexes. Urninarv amino acid 
ana'ysis showed raised ccrcentrations of branched 
chain amin> acids and a dragaosis of intermittent 
maple syrup urine disezse vas made. She was 
discherged on a low protem die: wit3 sapp'ements of 
Milura MSUD2; the neur»lcgical sign: resolved 
withir a month and the rash and alcpecia within two 
months. For the next 18 moatEs she contmued on a 
low protein diet. The rash recurred repeatedly, 
improving when she was given two scoops of Milupa 
MSUD2 formula only :c reappear after about 
12 dazs. Her development was otherwise normal. 

Athe age of 34% years tte was referred from Iran 
to the United Kingdom where she was fouad to have 
mild dermatitis around the mares and was generally 
hypotonic with brisk tend»3. reflexes. She had optic 
atrophy bu: good visual acuity, end hearing was 
normel. A clinical diagnos.s of biotinidase deficiency 
was made and confirmed Dy enzyme assa». Biotin 5 
mg twice a week resulted i13 ccmplste resolution of 
the rash withia four days and return cf muscle tone 
to normal. (Milupa MSUD2 contains 0-3 mg of free 
biotin'100 g and two sccops of formule provides 
about 30 ug of free biotin. ` 


Discussion 


From the cases describec here and from other 
reports it‘seems that the pr2:ertation of Eiotinidase 
deficiency may vary. The cnset mav be acute or 
insidicus, with either a stead p-ogression Dr a series 
of acate incidents inter persed. with periods of 
apparent normality. Hypotonm, ataxia, fits, der- 
mattis, alopecia, and recwrrea- respiratory infec- 
tions are the most commom clinical fea-ures, but 


none =r these is seen in all cases. Even the metabolic 
acidosis may not be a constant feature, and urinary 
organ.z acid excretion may be unremarkable parti- 
cularl ; early in the disease. 

Alt1iough the immediate response to biotin may 
be considerable, with complete resolution of the 
metatelic, skin and, hair abnormalities, it is becom- 
ing increasingly obvious that there may be long term 
compications. Neurosensory deafness and impair- 
ment of the optic nerve and visual pathways are 
now well recognised, and have been described ın 
this report (cases 1, 2, 3, and 7, and cases 1, 2, 3, and 
10, res»ectively). The courses of the patients de- 
scribed here also suggest that intellectual impair- 
ment cases 3 and 6) and persistent ataxia (cases 7, 
8, anc 9) may be encountered. The cause of these 
deficits is not clear, nor is it apparent whether the 
under ying damage occurs before the start of treat- 
ment, though it may not be recognised until later. It 
is important, however, to note that in one case (case 
8) ataxia developed despite presymptomatic treat- 
ment with biotin, and that in case 9 neurosensory 
deafness, which had been shown to be absent 
initially, developed while the child was receiving 
regular treatment. 

Though this does not preclude the possibility that 
the urderlying damage occurs earlier, it may indi- 
cate that the damage continues after treatment has 
been started and it seems that a more guarded 
prognasis is necessary even when the child seems 
normal at the time of diagnosis. Neurological 
damage may be the result of high concentrations of 
biocyt.n 1n conjunction with low concentrations of 
biotin and the biotin dose should therefore be kept 
to a minimum to lower the rate of turnover of 
carboxylases and thus the rate of production of 
biocyt.n or biotinyl peptides or both. It 1s of interest 
that 11 a few cases low doses of biotin seemed 
enougn to control the metabolic abnormalities, 
though the other manifestations may not resolve 
entirely unless higher doses are given (case 10). 
Other patients require much larger doses and 
requirzments are increased by intercurrent mild 
illness?s (cases 7 and 9). 

In v ew of the variation in the clinical presentation 
and o? the occurrence of long term complications 
and th» apparent differences in biotin requirements, 
the pcssibility that biotinidase may have an addi- 
tional role (possibly as a biotin transport protein) 
shoulc be considered. It could then be postulated 
that d'fferent symptoms could be assigned to the 
deficiency of different functions and that in some 
cases only one function is lost. The fact that the 
occurr2nce of persistent deficits varies within a 
kinship, however (cases 4 and 6 had no long term 
visual problems though the related child, case 2 


» 


bc 


described by Taitz et al, developed optic atrophy), 
seems to disprove this hypothesis. 
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Adenovirus infection in families 


O RUUSKANEN, J MERTSOLA, AND O MEURMAN* 
Depertmen:s of Paediatriz aed "Virology, University of Turku, Finland 


SUMMARY Eighteen fzxrilies were followed up for four to six weeks after one member of each 
family was diagnosed zs having an acenovirus infectior. In 17 of 18 index cases the diagnosis was 
based om the rapid detec:ion of adenovirus hexor antigen in the nasopharyngeal mucus 
specimens and in one cas2 (the only adult index case) o3 isolation of the virus. All index cases had 
high tem pzratures associated most commonly with torsillitis, acute otitis media, gastroenteritis, 
or febrile convulsions. Ir 14 of the 15 families with symptomatic contacts the index case was the 
first symptomatic case. >r cne of the first symptomatic cases, in that family. Fifteen (94%) of the 
siblings and 20 (56%) oZ the parents nad signs and symptoms of acute infection during the follow 
up period. In 10 (63%) anc eight (20%) of these cases, respectively, adenovirus was confirmed. 
The mean (SD) incutefion period of confirmed adenovirus infections was 10 (3) days. The 
observations show that adenovirus in?ection spreads ac'ively to other siblings in the family. Rapid 
diagnosis permits parerts to be info-med prospective-y about the expected spread and clinical 


picture oz the illness 12 the family 


Aderovimises are a comuaxcn cause of febrile infec- 
tions in children. Because tie infection cften lasts a 
long time and may be d fficu.s to distinzuish from 
bacterial in^ection, rapid d agrosis 1s irrportant.! ^ 
Detectior of adenovirs hexon antigen with 
immuncasszy has been dzveloged in our laboratory 
by Halone- et aP $ and us2d :n routine diagnostic 
work sinc? 981. During hese seven vea-s the clini- 
cal velue 37 this test has been —roved" 7 * and about 
700 cases of adenovirus ilress Fave been diagnosed. 
We report that rapid diagmosB of a pr-mary case 
in a famiy is clinically rnrortant, because the 
infection s=reads activel* to siblings. 


Patiemts end methods 


The study was carried ou: Eetweer September 1984 
and Febraa-y 1985. Durrg that period 974 speci- 
mens of nas»pharyngeal mazus were taken for rapid 
virus diagnosis (NPS test) “rom febrile children at 
Turka University Hospita. (£22 samples) and at a 
priva-e péediatric clinic (352 semples). Adenovirus 
antigen was isolated from 55 samp.es anc the infor- 
maticn was available to investiga-ors 26—48 hours 
after the zcmple of mucus Ead been taken. Twenty 
famil es Were contacted within dive days of diagnosis 
of the index case. Three faamilies recused to enter the 
study and 17 gave informec conzent. In acdition, the 


NPS test was negative in one adult index case (house 
office: of the department of paediatrics) but the 
virus was isolated. Eleven index cases were diag- 
nosed at Turku University Hospital and seven in a 
private paediatric clinic. 

Fol ow up questionnaires were given to parents, 
and samples of blood were taken for viral studies. 
After four to six weeks, follow up questionnaires 
were returned and samples of blood were again 
taken for serological tests. Forty six paired serum 
samples and seven single serum samples were ob- 
tainec from 53 contacts. Specimens for the NPS test 
and for virus isolation during the follow up period 
were collected from 40 and 22 of the contacts, re- 
specti;ely. Haematological tests were done using 
routine techniques. 


EZYME IMMUNOASSAY (ELISA) FOR ADENOVIRUS 
ANTIGZN 

Nasorharyngeal specimens were collected by suc- 
tion t:rough the nostrils with a disposable mucus 
extractor (Vygon, Ecouen, France) and diluted 1:5 
in phosphate buffered saline. The indirect ELISA 
used <o detect adenovirus antigen has previously 
been described in detail.Ó The assay detects a true 
infection in children.’ The specimens were tested in 
parallel for respiratory syncytial virus, influenza A 
and B virus, and parainfluenza virus types 1, 2, and 
3 antigens by analogous assays. 
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ELISA FOR ADENOVIRUS ANTIBODY 

The ELISA for IgG and IgM antibodies to adeno- 
virus hexon antigen has previously been described ’ 
A fourfold or greater increase in the concentration 
of IgG 1n paired serum samples, or the detection of 
IgM antibodies, indicated a recent infection. 


VIRUS ISOLATION 
Adenovirus isolation from throat swabs were carried 
out in HeLa cells using routine laboratory methods. 


Results 


At the time of the diagnosis of adenovirus disease 10 
of 18 index cases were the only symptomatic cases in 
the family—that is, primary cases. In four cases the 
symptoms of the index case began at the same time 
as those of other family members. In two cases 
febnle infection. had already occurred in other 
family members, in both cases in parents. In two 
cases insufficient information was obtained concern- 
ing the family history at the time of the diagnosis of 
the index case. Serological tests from paired serum 
samples were carried out from 14 of 17 index 
patients in whom the NPS test was positive, and 
these 1ndicated recent infection in 13 cases. The one 
index patient in whom the NPS test was negative but 
from whom the virus was isolated also had a con- 
siderable increase 1n IgG antibodies to adenovirus. 

Tables 1 and 2 shows the main characteristics of 
the 18 index cases. With one exception, all were 
children with a mean age of 2:2 years. There were 10 
girls and eight boys. All index cases had high fevers, 
and the most common signs and symptoms were 
tonsillitis, otitis media, febrile convulsions, and 
gastroenteritis. 

During the four to six week follow up period, 
symptoms and signs of acute respiratory infection 
were recorded in non-index family members of 16 of 
the 18 families studied (table 3) With one exception, 
all other 16 siblings in the study families developed 
symptoms. Evidence of adenovirus infection was 
found in 10 of 17 siblings; in four the NPS test was 
positive (serological response was studied in three 
of them and was positive in all) and in six the NPS 
test was negative, but they had considerable sero- 
responses, one of them having the virus isolated 
from serum. One sibling had a parainfluenza type 1 
infection (by the NPS test) that began 20 days after 
the onset of the adenovirus infection in the index 
case. Twenty (5696) of the parents became symp- 
tomatic. All 23 NPS tests from parent contacts were 
negative as were all virus isolation studies Serolo- 
gical evidence of adenovirus infection was obtained 
in four cases. In addition, four parents showed 
considerable increases in adenovirus IgG antibody 
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titres, but were asymptomatic. Two symptomatic 
parents had high adenovirus IgG antibody titres but 
no significant increase was found. In six cases the 
timing of taking the blood samples for serology was 
not optimal for detection of the virus because the 
first sample was taken too late after the onset of 
symptoms. The mean (SD) incubation period calcu- 
lated from the first symptomatic day of the primary 
case (calculated reliably in 17 cases) was 13 (6) days 
for the whole group and 10 (3) days for serologically 
confirmed cases (n-9). 

The clinical picture in contact siblings was char- 
acterised by high fever, rhinitis, and cough. Half the 


Table 1 Man characterisucs of 18 index cases with 
adenoviral infection 


Mean (range) 
Age (years)* 


Duration of fever of the time of diagnosis 
(days) 

Highest temperature (°C) 

Erythrocyte sedimentation rate (mm in the 
first hour) (n=5) 

C reactive protein (mg/l) (n=12) 

White cell count x101 (n=11) 


22 (0-5-7 8) 


33 (0-10) 
39-6 (38 2-40-7) 


62 (16-85) 

49 (0-180) 
15-8 (5 4-23-9) 
“One adult {aged 32 years) excluded 


Table 2 Diagnoses* 


$ 


Tonsillitis 

Otitis media 

Febrile convulsion 
Gastroenteritis 

Fever without focus of infection 
Upper respiratory tract infection 
Conjunctivitis 

Urticana 


port bet DO h3 523 L2 CA ~] 


*Some patients have more than one diagnosis 


Table 3 Symptoms of infection in family contacts of a 
patient with adenoviral disease 





Siblings (n=16) | Parents (n=36) 
No (%) No (%) 
Total signs and symptoms 
of infections 15t (94) 20t (56) 
Fever 237 5°C 10 (63) 8 (22) 
Pain in swallowing 4 (25) 17 (47) 
Hoarseness 1 (6) 10 (28) 
Upper respiratory tract 
infection 11 (69) 16 (44) 
Exanthema 2 (13) 3 (8) 
Gastroenteritis 8 (50) 5 (14) 
Conjunctivitis 3 (19) 3 (8) 





*One sibling in whom the nasopharyngeal mucus test was posttive 
for paranfluenza type 1 infection excluded, tadenovirus infection 
was confirmed in 10 siblings and in four parents 
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patientis had zastrointestina. symptoms “table 2). 
Three of the sibling cortacts were treated with 
antibiotics, two because 5»? ct tis media, and one 
because of en upper respi-etorv tract mfe-tion with 
fever. In the parents the mejor symptoms were pain 
on swallow:ng, rhinitis, 33d cough. Acditionally 
many of tne adult contacts had symotoms of 
laryng tis—for example, hoarseness Only one (3%) 
of the parents had temperarur2s exceeding 39-0°C 
whereas the corresponding mumber ir siblings was 
seven (41%). Vomiting, ciacrhoea, and zbdominal 
pains were more commoa among siblings than 
among parents. Four paremts were treated with anti- 
biotics for upper respirator” tract infectons. 


Discussion 


This study confirms our ea-ler experience zhat rapid 
diagncsis of adenovirus in?ecticn is of great clinical 
value." " Adenovirus oftea causes a more serious 
illness than other respirato-v viruses.” In addition, 
adenovirus infections are commonly assocczated with 
a higb white cell count {>15x10%1), increased 
erythrocyte sedimentation raze 230 mm ia the first 
hour), and increased seum C reactive protein 
concertraticn (>40 mg/l). These a.so diferentiate 
them trom other respiratory virus infec-ions and 
make the clinical managerent more diffcult.* 9 19 

The rapid diagnostic test we used rs simple and 
inexpensive and can be czrr:ed out in an? modern 
virus laboratory. Quick flu»-oimmunosssa technol- 
ogy had recently been appliec tc the detection of the 
adenovirus antigen permi-ting the diagnosis in 30 
minutes.!! * We are currently testing thi. assay in 
clinica pracace. It has besa clearly shown that the 
NPS test detects a true ir'ecticn, and our study 
confirms ths. Its sensitiv.ty compared with virus 
isolation, however, has a3: >een systematically 
studied. During this study we found two patients in 
whom the NPS test was negztive but from whom the 
virus vas subsequently isclased. We also found 10 
symptomatic patients in widm the NPS test was 
negative bu: who developed considerable serolo- 
gical mesporses. This car te explained in some 
patients from whom the mavis sample could not be 
aspirated within the first five Jas of the omset of ill- 
ness, Jecause this is the opima. Ime for the 
diagnosis." The results of rais study (ard of our 
earlier studies) suggest thet the NPS test :hould be 
used as a primery diagnosti test. If i: is negative and 
diagnosis is still needed, virus isolation and IgG anti- 
body essay should be doae. 

Adenovirus :nfection 1s Fiz1ly contagious. Several 
outbreaks of adenovirus Jidaced pharyngocon- 
juctival fever in hospitals,” ^ schools,” and day 
nurser-es'? have been desc-iosd In the Sezttle virus 


watch study a large number of contacts were 
monitcred, and 32 to 100% of the susceptible con- 
tacts became infected.! Our observations confirm 
these scudies. In this family study a total of 94% of 
the siblings and 56% of the parents had signs and 
symptams of acute infection during the follow up 
period of 4 to 6 weeks. Adenovirus disease was con- 
tirmed in 63% and 20% of these cases, respectively. 

This finding 1s consistent with the observations of 
Sterner et al” who confirmed the infection serologi- 
cally 13 only 38% of their family contacts, but 
adenowrus was isolated from 85% of the cases and 
all hac symptoms of adenovirus infection. 

To sze ıf patients had any other virus infections 
we did NPS tests and attempted virus isolation for 
many symptomatic contacts, but found only parain- 
fluenzz virus type 1 1n one sibling. In addition to 
adenoviruses, parainfluenza virus was the only other 
respira ory virus detected in the community during 
the firs: four months of the study when 16 of the 18 
index cases were diagnosed. This supports the idea 
that in most of the symptomatic contacts the illness 
was cavsed by adenovirus. It is further supported by 
the fact that the incubation periods of the laboratory 
confirmed, and the clinically diagnosed, cases did 
not difer significantly. 

The mportant clinical observation that we made 
was thet in 88% of the families with symptomatic 
contacts the index case was the first symptomatic 
case, o- cne of the first symptomatic cases, in the 
family. Adenovirus usually results in so fulminant an 
infecticn that the first symptomatic child is taken to 
£ physcian.* The rapid detection of adenovirus 
hexon antigen 1n nasopharyngeal mucus permitted 
us to diagnose the illness usually within 24 hours. 
The przctical implication of these observations is 
that by using rapid virus diagnosis parents can be 
informed prospectively about the expected spread 
and clinical picture of the illness in the family. This 
informetion is especially important in adenovirus 
infecticns because they may be difficult to dis- 
tinguisk from bacterial infections.* ê In this study 11 
of the 18 index cases were treated with antibiotics, 
whereas only seven of 35 symptomatic family mem- 
bers (tL ree siblings and four parents) were treated 
when it was known that one family member had an 
adenov rus infection. 

In the children in this study adenoviruses most 
commonly caused febrile exudative tonsillitis, acute 
otitis media, and gastroenteritis. This confirms our 
previous study of 105 hospital patients.* In parents 
the ma_or symptoms were pharyngitis, cough, and 
rhinitis high fever (39-0°C), however, was recorded 
in only one adult. The degree of contagion and the 
fulminant clinical manifestations of adenoviral infec- 
tion emphasise the need for rapid diagnosis. In the 
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Turku area the extensive use of rapid diagnostic 
procedures for viral infections during the last seven 
years has resulted in increased awareness and 
clinical recognition of the signs and symptoms of 
adenovirus infection. Consequently in the present 
study most of the index cases were first suspected 
chnically as adenovirus infections. 

In cenclusion, this study stresses the need for 
generalised use of rapid diagnostic methods of 
adenovirus infections; not only does it help famihes, 
but it will be useful in nursery and school epidemics, 
especially those of severe illness induced by adeno- 
virus type 7.5 Rapid virus diagnosis will permit 
studies of antiviral drugs’? and should have a pro- 
nouced influence on the proper use of antibiotics. 
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Short reports 


Sudden death in incomplete Kawasaki's disease 


C McCO WEN AND D C HENDERSON* 


Depa-tmews of Paediatrics ard ! Histopathology, Friarage Hospital, Northallerton, North Yorkshire 


SUMMARY A boy of 12 yeers died suddenly of 
myocardizl infarction, wh:ch was due te coronary 
artery aneurysm typical o: Sawzsaki's artzritis. Two 
years earlier he had an cEscu-e illness, -ecognised 
retrospectively as incomo ete Xawasaki s disease. 
We recommend routine echocard-ograpiy even if 
only cne cr two features of the syndrome ace present. 


Kawesakis disease is typically a disease of young 
children aad the diagnostic criteria nave b2en clearly 
defined.’ Most children p-esent between :he ages of 
1 and 5 years and the dis2ase s rare after 7 years.’ 
The assoc.ation with coronary artery aneurysms and 
sudden death is also well established.~ Recently 
incomplete Kawasaki’s disease with coronary artery 
involvemert has been described ir five roung chil- 
dren agec between 4 moa:hs and 2% years, one of 
wkons diei 1n intractable azarı failure.” We describe 
a case of a child of 12 yeers who died saddenly of 
myocardial infarction da2 to thrombcsis of an 
abnormal left coronary arcery wach showed the fea- 
tures of Eawasaki's disease. Two years before his 
death he had had an illress, which retrospectively 
may have been incomplee Kawasaki's disease. 


Case report 


This boy, who had previcusly been well, was admut- 
ted a: the age of 10 years wita a 10 day history of 
pain in the region of the left ear and throat, and 
fever He hac been treated wim cozrimoxazole with- 
out effect. On examination he locked il. and pale, 
he was holding his head still. and had cifficulty in 
openng kis mouth. He wes afebri e, anc there was 
no oovious swelling in the Reck. He nad a few 
slightly enlarged lymph des in the groin. Initial 
investigation showed a newt: ophil leucocrtosis (total 
white count 23-210°/, neutrophils 9196 : with toxic 
changes, a thrombocytcsis (platelets 753x10?/1), 
and a raised erythrocyte sedimentation zate of 107 
mm in the Zirst hour. Biochem cal Investigations and 
exarrinat:cn of the cerebrosprnal fluid gave normal 


results. A radiograph of the neck showed increased 
lucency of the left mastoid process; ultrasound 
examination of the neck was normal. 

A diagnosis of osteomyelitis of the mastoid was 
made and he was treated with intravenous fusidic 
acid amd erythromycin. Over the next seven days he 
had a moderate intermittent fever, which then 
settlec. His erythrocyte sedimentation rate on the 
third day after admission was 118 mm in the first 
hour and thereafter slowly declined His platelets 
peaked at 1206x10?/1 on the fifth day but remained 
raised throughout his admission. All cultures, viro- 
logica. investigations, tests for antistreptolysin O 
titre, entinuclear factor, anti n-DNA, mitochondrial 
antibcdy, smooth muscle antibody, and parietal cell 
antibcdy gave negative results. He developed a hard 
tender mass at the insertion of the sternomastoid, 
which gradually declined. On the ninth day after 
admus:ion it was noted by the parents and recorded 
by the nurses that the tops of his fingers were peel- 
ing. Je remained rather pale and miserable 
throughout his stay in hospital. 

He was followed up in outpatients for several 
montis; a fibrotic mass at the sternomastoid inser- 
tion g-adually resolved; he remained easily tired and 
prone to viral infections. On one occasion he 
descri»ed a single episode of acute muscular pain in 
the ckest and shoulder, which had resolved with 
paracctamol. Thereafter he remained very well. He 
had a normal exercise tolerance, took part in all 
sport, and did not ever complain of chest discom- 
fort. Twenty three months after the illness he had 
been aut walking with a friend, felt tired and went to 
he down. A little later he complained of chest dis- 
comfcrt, then suddenly turned over, clutched at his 
chest, and died almost immediately. Attempts at 
resuscitation by the ambulance team and in the acci- 
dent and emergency department were of no avail. 


PATHCLOGY FINDINGS 

At postmortem examination the heart weighed 220 g 
and siowed aneurysmal dilatation of the left stem 
and p-oximal left anterior descending artery (fig 1). 
The cilated segment measured 2-5 cm in diameter 
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Sudden death in incomplete Kawasaki's disease 


and contained old and recent thrombi. The distal 
left anterior descending artery showed complete 
obliteration of the lumen by firm greyish tissue The 
proximal portion of the right coronary artery 
showed similar luminal occlusion; the circumflex 
artery remained patent. Microscopically the left 
coronary artery in its distended portion showed a 
loss of normal smooth muscle and replacement by 
fibrous connective tissue. The distal left anterior 
descending artery (fig 2) showed luminal occlusion 
by cellular fibrous connective tissue, representing an 
organised thromus. Recanalisation had occurred as 
evidenced by vascular channels of various size. 
There was extensive fibrosis of the media and only 
a few disrupted remnants of the internal elastic 





Fig] A suture needle points to an aneurysm of the 
proximal left anterior descending artery 


“a 





Fig2 The distal left anterior descending coronary artery 
Shows evidence of old thrombosis and recanalisation. The 
internal elastic membrane i5 disrupted and frayed as a 
sequela of the initial vasculitis (elastic Van Gieson X 25). 
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lamella were noted The lungs showed oedema and 
congestion in keepiug with acute heart failure after 
myocardial infarction due to thrombosis of an 
abnormal left coronary artery. 


Discussion 


Kawasaki's disease is a generalised vasculitis of 
unknown aetiology, which differs from the other 
vasculitic disorders by its propensity to effect the 
coronary arteries. The macroscopic and microscopic 
features of the coronary arteries in this case are typi- 
cal of late stage Kawasaki’s disease. This 1s well 
described by Hamashima as occurnng between 40 
days and four and a half years after the disease 
onset, and characterised by arterial scarring and 
recanalisation, in addition to the presence of 
aneurysms.? 

In this case the acute attack occurred two years 
before the fatal thrombosis. A similar case of 
sudden death has been described in a 12 year old 
boy four years after the initial illness, with coronary 
artery pathology identical to this case.? This presen- 
tation was unusual in that there were no specific 
signs of Kawasaki’s disease apart from finger 
desquamation. We conclude that this ‘incomplete 
form’ of Kawasaki’s disease still carries the risk of 
coronary artery involvement. 

There is now evidence that long term treatment 
with antiplatelet therapy may prevent secondary 
coronary thrombosis in adults.” The management of 
aneurysms of the coronary arteries in Kawasaki’s 
disease 1s still controversial; currently low dose 
aspirin treatment is recommended for six months 
after the acute illness, but ıt may be appropriate to 
continue this treatment for much longer. 
Furthermore, coronary artery bypass surgery has 
been undertaken successfully in children with severe 
coronary artery abnormalities after Kawasaki’s 
disease. 

We suggest that any child presenting with an 
illness associated with a raised platelet count and 
peeling of the fingers should have echocardiography 
to exclude lesions of the coronary arteries. 


We are grateful to Drs EGJ Olsen, W Anderson, and H Bam for 
their help over the pathological findings in this case and also to | 
Mr J Everson for the photographic illustrations 
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A rew chart for weight control 


R D GRIFFITHS AND R H T EDWARDS 
Muscle Research Centre, D2partmzn: of Medicine, 


SUMMARY Weight contro ¢desiradle in the muscle 
wasting conditions. A new chart 1s presented to 
allow the prediction of zm ideal weight, free of 
excess fat, specifically for boys with Duchenne 
muscular dystrophy. 


Patierts suifering from muscular dystrophy often 
put o1 weight as the dis2a-e progresses It is not 
uncommon for boys with Dxucaenne muscular dys- 
troph7 to have weight vaites greater than the 90th 
centile on normal growth and cevelcpment charts, 
despite having a smaller mcsc.e mass than normal 
boys of the same age. © has been shown that 
therapeutic weight reduc cr is possible in these 
patierts,! and loss of urrecessary fat lessens the 
burden of weakened muscbs and aids nobility. 
Preventicn of excessive «eight gain in the younger 
patiert is preferable to severe dietarv restriction in 
the alread obese subject Normal growth and 
development charts make nc allowance for the 
progressive loss of muscle “hat is occurring as the 
muscular dystrophy progresses throughout child- 
hood. A chid with prcrcunced muscle wasting 
locks *cachectic' without taz excess fat filling out his 
body contours, somethias parenis find hard to 
accep:. The Joss of muscE- coupled wita reduced 
activity imphes accumula-i2a of fat tissue if weight 
gam zpproximates that of a>rmal growth charts. 


Methed 


The 24 hour excretion of creatinine in the urine as a 
breakdown product of posphccreatine -n muscle, 
assuming 1 mmol creatinre equals 2-2525 kg of 
muscle, prcvides a reliabl2 estimate o7 the contribu- 
tion cf muszle to body we gh in the absence of renal 
disease." 


`“ 


7 Kitarrura S, Kawachi K, Harma R, Sakakibara T, Hirose H, 
Kawashima Y Surgery for coronary heart discase due to 
muco-utaneous lymph node syndrome (Kawasaki Disease) 
Repo-t cf 6 patients Am J Cardiol 1983,51:444-8 
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in Duchenne muscular dystrophy 


Ursversay of Liverpool, Liverpool 


Theeretical weight centiles for zero muscle mass 
cen be drawn from data on normal creatinine 
excretton! and from standard weight and height 
centile: charts.? From a knowledge of the patient's 
creatimme excretion the muscle bulk may be derived 
and added to the zero muscle weight chart to 
produce an ideal weight. 


Result: 


A new chart is presented, which gives ideal weight 
guidelines for weight control in boys with Duchenne 
muscu ar dystrophy (figure). From observations of 
body composition and creatinine excretion in boys 
with Duchenne muscular dystrophy we have found a 
close relationship between the reduction in total 
body potassium and that of 24 hour urinary creatinine 
ezcretion.* Both total body potassium and urinary 
creatirine excretion, when related to the predicted 
values 10: the individual's height, declined with age 
at an average rate of 4% per year from 6 to 17 
years ^ A similar 496 per year loss in muscle strength 
has bezn observed in boys with Duchenne muscular 
dzstrochv.? At 6 years a boy with Duchenne 
muscu ar dystrophy has only 60% of his predicted 
muscle mass, and at 16 years only 20%. The 
reduct on 1n creatinine excretion can be calculated 
and from this the muscle bulk can be derived and 
added to the zero muscle weight charts. Based on 
this assumed 4% per year decline in muscle mass the 
90th, Dth, and 10th ‘ideal’ weight centiles have been 
calculeted to allow for progressive loss of muscle. 


DÉscussion 


This chart can be used in the normal way by 
selecting the appropriate height related centile. This 
chart is only applicable for Duchenne muscular 
dystroohy. In other muscle wasting conditions 
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ystrophy. Based on data from Edwards etal,! 


Assumes a 4% per year decline in muscle bulk 


ghtcentilechartfor boys with Duchenne muscular d 


Edmtnds etal,‘ and Tanner and Whitehouse ? 


Figure Ideal wei 
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measu-2mernt of 24 hour crezauxmne is advised with 
calculation cf the ideal wereht from the zezo muscle 
chart." To cbtain a practxca. objective fcr dieting 
allowa-ce rust be made “cr the increased fibrous 
tissue ezcumulation that taFes place in the dystrophic 
disease process. 


How t« use Ihe chart 


This chart is used in conjunztion with the Tenner and 
Whitek Suse longitudinal standards for height and 
weight ? 
(1: Find appropriate Feizht cenzile. 
(21 Predicted ‘deal’ weights read off'the chart 
us 3g tie height centile iae. 
(3: A practical object.ve for diet control is 
ac-ieved by addingtotae deal weight aaextra kg 
fo- every year the ber is over 10 y2ars—for 
exzmp.e, et 15 years th: would be 5 kg extra. 


The support cf the Muscular Dystro3hy Groap of G-eat Britain 
and Nort- ern Freland is gratefully zczccwledged 
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Does ABO incortpatibility matter? 


M W QUINN, A M WED DHNS, AND D C DAVIDSON 
S$pecia. Ca-e Baby Unit, Fazakerley Hosvital, Liverpool 


SUMMA:Y The incidence erc severity (peak serum 
bilirub- concentration) of cinically detectable 
jaundice wes determined retrospectively in 110 
elution positive cases ot AEO -ncompatibility. 
Neithe- the incidence nor the severity of jaundice in 
the stu-iy group differed significantly from a control 
grcup. In the individual cese Coombs positivity 
and/or a s-rongly positive elution test may be a 
helpful predictor of jaundice »ccurriag but not of its 
sevent.. 


With the declining inciderce >f Rhesus disease, 
ABO mcompatibility is said to be the commonest 
cause c? hazmolytic jaundice nthe rewborn. This is 
not surons rg in view of the fact that 20-25% of 
pregnaaciez are ABO incompahble. Ccmpared with 
Rhesus incompatibility, however, zhe jaindice is 
usually miki and characterstically later in onset. 
Furthe-cmore, associated araemia rarel\ occurs. 
These observations prom aed us to consider the 
clinical importance of ABZ imcompatibility by a 
retrospective case-control stidv. 


Patients and methods 


In this hospital cord blood 1s routinely taken from 
the infants of all group O mothers. This is tested for 
blood zroup and presence of antibodies by an 
elution lest and direct Coombs test. The elution test 
is perfcrmed by washing the infant's red cells twice 
in saline followed by heating to 56°C to dissociate 
the maternal antibody from the antigenic sites The 
resultart solution is centrifuged and the supernatant 
(eluate tested against adult red blood cells of 
known group. Agglutination of the cells confirms 
the presence of specific antibody. The elution test 
detects maternal anti-A or anti-B haemolysins (IgG 
antibodres) on the infant’s red blood cells.’ 
Routne screening was instituted 1n 1978 after 
reports that it reduced the need for exchange 
transfusons in ABO incompatible infants by allow- 
ing eary detection.? Data were collected on 110 
ABO incompatible deliveries (94 mother group 
O/infant group A (O-A), 16 mother group O/infant 
group E (O-B)) in which the cord blood elution test 
was postive. The elution test was graded as weakly 
positive or strongly positive. À control group 


consisted of 110 mother group O/infant group O 
(O-O) deliveries who were born immediately 
before or after the index case. All were Rhesus 
compatible The incidence and severity (peak serum 
bilrubin concentration) of clinically detectable 
Jaundice was determined for each group. Statistical 
comparisons were made using the x^ and Wilcoxon's 
rank sum test as appropriate. The protocol for treat- 
ment of the jaundice was identical for the two 
groups. This, therefore, could not have been a con- 
founding variable. | 


Results 


Information about sex, gestation, birth weight, 
method of delivery, and method of feeding for each 
group 1s shown in table 1. Table 2 shows data about 
jaundice. The difference in the incidence of jaundice 
between the two groups was not significant (p>0-1) 

The peak serum bilirubin concentration of those 
who were jaundiced did not differ significantly 


Table 1 Details of infants studied 


ABO Control 
incompatible group 
group (n=110) 
(nz:110) 
Sex. 
Male 53 59 
Female 57 51 
Mean (SD) gestation (weeks) 39-7 (0-2) 39 7 (0-2) 
Mean (SD) birth weight (g) 3400 (50) 3350 (50) 
Method of delivery: 
Vaginal 89 83 
Breech i 2 
Caesarean section 12 1J 
Instrumental 8 8 
Method of feeding 
Breast 29 40 
Bottle 81 70 


Table 2 Details of jaundice in the two groups of infants 


ABO incompatible Control group 


group (n=110) (n=110) 
No with chnically detectable jaundice 
Whole group 29 (26%) 18 (16%) 
O-A group 26 
O-B group 3 
Median (range) peak serum 
bilirubin concentration of 
jaundiced babies (umol) (n=29) (n=18) 
Whole group 171 (11-282) 190 (159-295) 
O-A group 166 (111-282) 
O-B group 198 (149-228) 
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between the two groups The incidence and severity 
of jaundice in the O-A and O-B groups did not 
differ significantly. 

The direct Coombs test was positive in 36 (33%) 
of the study cases. Fourteen (39%) became clinically 
jaundiced with a peak serum bilirubin concentration 
range of 111-236 pmol/l (median 162 pmol/l). A 
higher proportion of patients who were Coombs 
positive became jaundiced (14 out of 36, 39%) 
than those who were Coombs negative (15 out of 
74, 20%). This did not achieve significance 
(0-1>p>0-05). When compared with the control 
group, however, jaundice occurred significantly 
more often in Coombs positive patients (p<0-01). 
There was no significant difference in severity from 
the control group. 

Similarly, jaundice occurred more often 1n pa- 
tients with a strongly positive elution test ( 13 out of 
37, 35%) than in those with a weakly positive 
elution test (16 out of 73, 22% ). This did not achieve 
significance (0-1>p>0-05) but did do so when those 
with a strongly positive elution test were compared 
with the control group (p<0-05). Again, there was 
no significant difference in severity from the contro! 
group. 

Oxytocin was used ın 28 (16 cases, 12 controls) of 
116 deliveries (58 cases, 58 controls). In the remain- 
der this information was not recorded in the labour 
ward register. The use of oxytocin did not affect the 
incidence of jaundice. 

None of the infants born at term became suffi- 
ciently anaemic to require a top up transfusion. 


Discussion 


The effects of ABO haemolytic disease have been 
described as varying from a subclinical compensated 
haemolytic process? to hydrops fetalis.* The reasons 
for this variable clinical expression are not clear. 
One reason may be that the A and B antigens are 
expressed more weakly on fetal cells than on adult 
cells? The strength of expression increases with 
gestation. 

In this group of patients ABO incompatibility (as 
defined by a positive elution test) has not been a 
clinical problem. Perhaps a less sensitive screening 
test than that presently used is required. Jaundice 
was more likely to occur in those with a positive 
Coombs test or a strongly positive elution test but it 
was no more severe than in the control group. 

On the basis of these findings we believe that 
routine screening for ABO incompatibility using the 
elution test is of no clinical benefit. In an individual 
case, however, a positive Coombs test or a strongly 
positive elution test may be useful ın predicting the 
occurrence of jaundice. 
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We acxnowede the work o? the haematology laboratory, 
Fazaxe-ley Hozptal, without whi- this study would sot have been 
possible 
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Ataxic cerebral palsy and genetic predisposition 


G MILLER. 


MNeuromus-m'ar Research Institute, Nedlands, Western Australta 


SUMMARY It was calculated that in the "62 family 
members 5f 36 patients wth ataxic cerebral palsy 
there vere 75 (8%) with z aistory cf neuzodevelop- 
mental disorder and 31 (3%) with z major congeni- 
ta. mzlfonnzuon. This wa not sigrifican ly greater 
thar expectzd, and does rct support the aypothesis 
of a gznet c non-Mendelier role in the aetiology of 
ataxic. cereb-zl palsy. 


It has been suggested that a geastic non-Mendelian 
influeace rzy play a par- in a multifactorial aeti- 
ology in cerebral palsy. Tins gives “ise to a 
consticuticnz] vulnerability to several rsk factors 
and a preciszosition to neural tissue damzge, and is 
expressed as an increase in neurodeveopmental 
disabiity erd major congenital malforma-ion in the 
near xelatives ! ? In ataxic cerebral palsy, the least 
common of the syndromes of cerebral »alsy, the 
infants are asually of normal birth weight with a 
prena:al o-izin of the cond tion? Tha fami y histories 
of & popula ion with this discrder were therefore 
examined fo- the frequency of neurodevdopmental 
disabiity ard major comgenral malformation in 
order to assess the role 2f a genetic influence in 
aetiology. 


Subjects end methods 


Cerstral pey is defined as a grous of dsorders of 
movement end posture due to a non-progressive 
defect or Exon of the developing brain.^ When this 
discrcer 1: zn ataxia, whic is rot primarily due to 
weakness, spasticity, dystomia, 5r choreoathetosis, it 
is termed acaxic cerebra: palsy. 

Thirty six cases of ataxic cerebral palsy were 


ascertained from the West Australian cerebral palsy 
register and from the records of the Spastics Welfare 
Association of Western Australia. Each case was 
individually examined to ensure they fulfilled the 
criteria for diagnosis. All were older than 5 years of 
age and had histories consistent with a non- 
progressive disorder. The number of cases of ataxic 
cerebral palsy ascertained represented 72% of the 
metropolitan population (details to be published 
elsewhere). 

A history of neurodevelopmental disability or 
major congenital malformation in the parents, aunts 
and uncles, first cousins, siblings, and children of 
siblings, was recorded. The categories of neurode- 
velopmental disability used are listed in the table. 
Details of these were checked against the medical 
records of several institutions and by correspond- 
ence with the relevant personnel who were con- 
cerned. 


Results 


Out of a total of 962 people on whom information 
was sought, 75 (8%) had neurodevelopmental dis- 


Table Categories of neurodevelopmental disability 


Intellectual handicap 

Cerebral palsy 

Language delay or disorder ascertained by specialist consultation 

Epilepsy of unknown ongin 

Congenital hearing loss 

Severe visual handicap 

Congenital strabismus 

Special educational requirements-remedial teaching, special class 
or school (where the reason was not considered to be pnmanly 
socioemotional) 


* 
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abilities and 31 (3%) had major congenital mal- 
formations. In a few instances (nine) the history of a 
relative was uncertain or could not be verified, and 
they were removed from the calculations. 

There were two sisters with a similar non- 
progressive ataxic disorder whose histories and 
computed tomograms could have been consistent 
with Joubert’s syndrome, and one boy whose 
mother had a similar condition. 


Discussion 


The prevalence of neurodevelopmental disability in 
a general population simuar to the one reported 
here and using similar criteria, has been reported to 
be 12-16% ? An increased frequency of neurode- 
velopmental disability in the direct families and near 
relatives of those with ataxic cerebral palsy could 
thus not be shown. The figure of 8% 1s somewhat 
low, and this may have been due to underascertain- 
ment as, although a thorough history was taken and 
parents were asked to contact their relatives, a 
disability may not have been admitted. However, 
about 100 cases would have to be missed to achieve 
an 18% incidence of neurodevelopmental disability 
and it is most unlikely that those numbers were 
missed. It would have been more satisfactory if the 
frequency of neurodevelopmental disability in the 
local population had been known. 

The figures for 1980-3 for the percentage of 
Western Australian births with a major congenital 
malformation ranges from 3-2% to 4-2% (Western 
Australian Congenital Malformations Register 
Annual Report, 1984), a similar figure to that found 
in the current study. 

Ingram, in his study of ataxic cerebral palsy, 
reported a high proportion of near relatives with 
different types of neurological disorder, and Mon- 


real 1n a clinic population study of cerebral palsied 
children stated that there was an unusual number of 
relatives with cerebral palsy, mental retardation, 
and seizures. The methods used in those two 
studies differ, however, from those used in this 
report, and the results are not really comparable. 
This study of a large proportion of a metropolitan 
population of patients with ataxic cerebral palsy 
does not support a genetic non-Mendelian influence 
in the aetiology of this heterogeneous disorder. 


I am indebted to Dr Fiona Stanley and Linda Watson for access to 
the West Australian cerebral palsy register, the Spastics Welfare 
Association of Western Australia, and to Carolyn Ebell for 
preparation of the manuscript 
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Have school entry medicals had their day? 


F D KENNEDY 


Carnmoney Health Centre, Newtownabbey, Northern Ireland 


SUMMARY Examination of the school health records 
of 1033 primary school entrants showed that there 
was a high level of preschool surveillance by health 
visitors and that most problems recorded at school 
entry medical examinations were already known to 
another professional. 


It is policy in Northern Ireland that all children 
commencing primary school are given a school entry 
medical examination. There are widely differing 
views held about the value of these routine examina- 
tions. Some believe they are of little value! while 
others consider them to be of special importance.’ 
The aums of this study were firstly to determine the 
number of children with records of preschool 
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surve llanze by health ssitors and secondly to 
determine the number and types of probzems found 
at the sckcol entry medical examination and how 
these wer2 dealt with. 


Meth»ds 


The study population iacluded children who in 
September 1986 commenced ordinary prumary 
schocls ın the health care cistiet of Newtownabbey. 
The distret has a populacion of 72 000 (of which 
14 D0 are schoolchildre1) erd is a larzely urban 
communiry close to Belfzst. 

When a child starts school] the hezith visitor 
records should be transferred to the school health 
service. at the school ertry medical examination 
each zhilc has a general frysical examinction by the 
school deczor and height, weizat, and vsual acuity 
measured bv the school nurse. Nevrodev2lopmental 
screening tests are not routinelv carred out in 
Newtownabbey. In some parts of the district the 
local speech therapist visits primary schoels and sees 
child-en at their parerts cr teachers request. 
Hearing s screened bv the educationa audiology 
service. The school heel-h record for each child 
shoud therefore consist af the heelth visitor 
records and notes made a: the school ercry medical 
examination. 

The children who starred az primary school were 
identifiec frem the schocl rolls. Their scaool health 
records were retrospectively examined -o ascertain 
the evailabilty of health visor records, recorded 
contacts by the health vmitor sirce the child was 
aged 3, whether a school entre medical examination 
was {done during the sckcol year September 1986- 
June 1987, the nature o= problems detected at the 
examination. and how these vere dealt with (dental 
problems excluded). A pro»em was considered 
‘new’ if iz was found for the first time oz, had been 
prev_ousty known but had recurred. A problem was 


considered ‘already known’ if another health profes- 
sional was dealing with it. New problems that were 
referred were followed up by contacting the relevant 
health professional and ascertaining what action had 
been taken. (The exception to this was in the case of 
referrals to an optician when parents were contacted 
about the outcome.) 


Results 


Of the 1048 children in the study population, 12 
were excluded as they had moved out of the district 
therefore their records had been transferred. The 
records of three children could not be traced, this 
left 1033 school health records in the study. 

The health visitor records were available for 951 
children (92%). The records showed that 899 
children had been seen by a health visitor since 3 
years of age of whom 858 (83% of 1033) had a 
developmental check recorded (usually in the form 
of a standard questionnaire). In most cases hearing 
and vision were not formally tested by health 
Visitors. 

Of the 1033 children, 985 (95%) had a school 
entry medical examination. A total of 613 problems 
were recorded in 457 children (that is, 46% of the 
children seen had at least one problem); 382 
problems (62%) were already known to another 
professional; 231 (38%) were new. Of the 231 new 
problems almost half (115) did not require referral, 
the remaining 116 were referred to another profes- 
sional. Details of the types of problems and referral 
patterns are shown in table 1. 

The six commonest new problems are shown in 
table 2. They represent 83% of all the new problems 
found. It is apparent that had children been 
screened for only four problems (vision/squint, 
speech, hearing, and short stature) 69% of detected 
new problems would have been found. 

Of the 116 new problems that were referred, 90 


Table 1 Types of problems cnd rz/erral patte-ns in 457 children 


Type of proolem Total No of No of No of 
No “%I already known new problems new problems 
problems referred 
Physral* 304 (50 224 80 45 
Vit10 Ysquint 116 (19 38 78 49 
Hearng 93 (15 64 29 13 
Speech 75 (12 45 30 6 
Behaviour 14 (2) 4 10 1 
Learmng cifficulty 6 (1) 4 2 0 
zia 5 (<9 3 2 2 
Total 613 382 231 116 


"Phyucal oroblems other than vis.oa, hearing, Seech 


TN 


Table2  Commonest new problems 


Type of new problem No of 
new problems 
Vision/squint 78 
Speech 30 
Heanng 29 
Short stature 22 
Cardiovascular 17 
Undescended testes 16 
Total 192 


(78%) referral appointments were kept. Vision, 
hearing, and speech problems accounted for well 
over half (59%) of new problems referred. Of those 
seen at referral, 51 problems (57%) required some 
sort of intervention. 


Discussion 


The results of this study show a high level of 
preschool surveillance by health visitors in the 
district. Although 4676 of the children seen for a 
school entry medical examination were recorded to 
have a problem, 62% of these problems were 
already known to another professional. Other 
studies also report low yields of new problems.? * In 
this study most new problems could have been 
found by screening tests that need not involve a 
doctor. This suggests that medical time would be 
better spent on selected children. It has been shown 
that parents like their children to have school 
medical examinations—parental opposition to a 
selective policy might therefore be anticipated.” A 
practicable solution would be for the school nurse to 
screen children and refer those she feels require 
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further assessment to the school doctor. This would 
allow more time for comprehensive assessments of 
selected children. As many school doctors also work 
in community child health clinics more time could be 
given to preschool surveillance work. 

Other alternatives to routine school entry medical 
examinations have been put forward.” * Any new 
system will require evaluation before it can be 
proved to be better than the present one. It does 
seem, however, that little is being achieved by 
unselective medicals and that a change is long 
overdue. 


I thank those who cooperated in this study particularly the general 
practitioners, also my semor colleagues who gave constructive 
advice m the preparation of this paper 

The results of thrs study were presented at Part 2 of the course 
for Community Health Doctors at the Royal Institute of Public 
Health and Hygiene, Portland Place, London, in October 1987 
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Gluzagaon for hypoglycaemia in infants small for gestational age 


P E ZAFER, D J LLOYD, AND P DUFFTY 


Neonatal Lit, Aberdeen Waternity Hosvital, and Departmzni of Child Health, University of Aberdeen 


SUMM:.RY Twenty five irfants who were small for 
gestatonal age received glicegon (0-5 mg/day by 
continuous fusion) in the treatment of hypogly- 
caemza. Twenty responded withm three hours with a 
nse m bcad glucose comcentration tc above 4 
mmol], Five subjects suts2-uently requi-ed hydro- 
cortisone t= maintain glucose. concentrations. Re- 
boun = hypozlycaemia occurred in nine irfants after 
rapid Jiscoatmuation of ¢lacaccn or interruption of 
the ir:rav230us infusions f.esponse was poor after 
maternal B blockade. 


Hypeslycaenia is a common problem in the infant 
who .3 smal for gestaticne] age. Many paediatri- 
cians use ccrticosteroids 1 the hypoglycaemia fails 
to rezoond zo high calorzc -ntake. Althcugh gluca- 
gon i= ofter used for the maragement cf hypogly- 
caem.a ir the infant of the ciabetic mother, in a 
recer tex-200k of neoaa:ology no reference is 
made to -ts use in inverts who are small for 
gestadonzl age.! A recea: paper did, however, 
describe bow glucagon concencrations in a group of 
hypozlyceemic term infax:s. successfuly treated 
with a sing e intravenous bolus of zlucagon.^ For 
several yez-s we have usec a continuous glucagon 
infus:;n as the first line cf tr2atment f hypogly- 
caemxa persists despite Fiz1 srergy oral feeds and 
concentreted solutions oí rtrevenous dextrose. We 
repor: here cur experienze over the last five years. 


Patieats and methods 


Patients ware all infants born at Aberdeen Mater- 
nity -lospizal between Jamuary 1982 and December 
1986 whose birth weight «as below the 5th centile 
for gesta icnal age, and m whom it had not been 
possfle to maintain capila-y 5.003 glucose concen- 
tratioa above 2 mmol/l ty tke use of mtravenous 
dextrose 12-5% solution it zpprooriare volumes 
(supplying 5 5 mg/kg/miaaute cf glucose on day 1) 
and a bolus of dextrose 0-2 g/kg together with 
frequent feeds of high erergy milk (Prematalac, 
Cow anc Gate). 

Gincagcn was infused continuously in 10% dex- 
trose at a standard dessge of 0-5 mg/day and 
increasec zs necessary to maintain capillary blood 
gluccse ccncentration a: or above 4 mmol/l (BM 


Test, Glycaemie) as in our protocol for management 
of the infant of the diabetic mother.? 


Results 


A totzl of 25 babies were treated during the study 
perioc of whom nine were preterm (range 33-40 
weeks gestation). Mean birth weight was 1872 g 
(range 730-2300). Seven mothers had  pre- 
eclamosia, three essential hypertension, one 
systemic lupus erythematosis, and one cryptogenic 
chron renal failure. Three were receiving p 
blockers (metoprolol or atenolol). Irritability was 
presert in seven infants. Mean age at starting gluca- 
gon was 15-7 hours (range 3-41). 

In 23 cases the blood glucose concentration rose 
above 4 mmol/l on the initial dosage of 0-5 mg/day, 
in 20 within three hours (see figure). Maximum daily 
infusicn rate of glucagon was 0-5 mg in 16 infants, 
1 mg n five, and greater in four, to a maximum of 
20 mgday in one case. Mean duration of treatment 
was 8. hours (range six hours to three weeks). Five 
infants developed hyperglycaemia (a glucose con- 
centrzzion >10 mmol/l), which responded to reduc- 
tion c the infusion rate. Hypoglycaemia recurred in 
three infants after interruption of the infusion, and 
in a further six when the glucagon dosage was 
rapid decreased after an adequate initial response. 
In on;y three of the latter was it possible to restore 
blood. glucose concentrations by reintroducing glu- 
cagom In the other three, hydrocortisone was 
required. Steroids were given in a further two cases 
(at 32 minutes and six hours respectively after 
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commencing glucagon) because of failure of initial 
response and in three cases of partial response with 
prolonged marginal hypoglycaemia, at 11 hours, 70 
hours, and nine days. Hyperinsulinism lasting six 
weeks was found in the infant who received steroids 
after 30 minutes. Of the three infants whose mothers 
received B blockers, two showed delayed response 
to glucagon at seven and 12 hours respectively, 
although the third infant responded within two 
hours (figure). 


OUTCOME 
Two infants died from unrelated causes. Necrotising 
enterocolitis developed during treatment in one 
infant who had been badly asphyxiated and whose 
mother was treated with metoprolol. In this case 
hypoglycaemia was refractory and despite 20 mg/day 
of glucagon, intravenous hyperalimentation, and 
corticosteroid the blood glucose concentration was 
barely maintained at 2 mmol/l. Low thyroxine and 
cortisol concentrations were found; these eventually 
resolved spontaneously. There was one case of 
rectal bleeding with proctoscopic appearances of 
cows' milk protein intolerance, and another of mild 
diarrhoea. Two infants became transiently 
thrombocytopenic and in one of these there was 
unexplained hyponatraemia. Of the four infants 
who developed convulsions, two had been badly 
asphyxiated and one had suffered intracranial 
haemorrhage. In only one case might hypo- 
glycaemia have been responsible for the con- 
vulsions 

At follow up 20 infants are normal and three 
developmentally delayed. Of the abnormal children, 
however, one has congenital rubella syndrome and 
one suffered intracranial haemorrhage. The third is 
the child descnbed above, with refractory hypo- 
glycaemia. Four otherwise normal children have 
squints. 


Discussion 


The causes of hypoglycaemia in infants who are 
small for gestational age remain uncertain. Reduc- 
tion in hepatic glycogen stores is one factor, but 
reduced gluconeogenesis due to delayed maturation 
of phosphoenol pyruvate carboxykinase may also be 
important.* Although an occasional infant may 
show relatively low glucagon concentrations,” Mes- 
tyan et al have shown a degree of resistance to the 
gluconeogenic effects of glucagon in hypoglycaemic 
infants who were small for gestational age,” suggest- 
ing that supraphysiological concentrations may be 
necessary in these babies. 

We have used a continuous infusion of glucagon, 
in a dosage similar to that shown by Mestyan et al to 


effect a rise, albeit blunted, in blood glucose in hy- 
poglycaemic infants who were small for gestational 
age (0-2 ug/kg/min). As 28% of our subjects 
required an increase 1n glucagon infusion to above 
0-5 mg/day, it 1s likely that this is near the minimum 
effective dose. We believe it to be more physio- 
logical than the use of a single bolus of 0-2 mg/kg as 
advocated by Mehta et al as, in adults and older 
children, bolus doses of only 1 mg are often asso- 
ciated with vomiting. Mehta et al report a sustained 
glycaemic effect in a small group of term infants 
treated with a single bolus. Unfortunately it 1s not 
possible to compare these studies as his group of 
larger babies with low glucagon concentrations may 
well represent a different population from our own 
group of low birthweight infants who were small for 
gestational age, and the course of the only infant 
weighing less than 2500 g is not fully documented. 
Further studies in infants of low birth weight would 
be of value. 

The poor response in infants born to mothers 
receiving D blockers suggests that these babies may 
be particularly resistant to the effect of glucagon. 
Glucagon releases catecholamines from the adrenal 
medulla,? and this may be an important aspect of its 
therapeutic action. 

Our experience with a heterogeneous group of 
patients shows that intravenous glucagon is effective 
in the infant who is small for gestational age, in that 
adequate blood glucose concentrations were 
obtained in 80% of babies within three hours of 
starting treatment. We suggest that in those infants 
who respond, glucagon be discontinued slowly (over 
24 hours or more), and that infusions be rapidly 
fesited during treatment, as rebound hypoglycaemia 
may be resistant to treatment. If response does not 
occur within four hours we recommend the early 
addition of hydrocortisone as late response is 
uncommon. Similarly, ıf there is no response to 
2 mg/day, further dosage increase 1s unlikely to be 
of value. Resistant hypoglycaemia is particularly 
likely after B blockade. 

We believe that glucagon is a safe and effective 
treatment for hypoglycaemia in the infant who 1s 
small for gestational age, enabling early intro- 
duction of oral feeds and avoiding the need for 
highly concentrated dextrose infusions. 
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Acute pneumoniz in Zimbabwe: bacterial isolates by lung aspiration 


M O IKEOGU 


Department of Paediatric:, Mpilo Central Hospital, Bulawayo, Zunbabwe 


SUMMARY “orty childrer, aged 2 months to 11 
years, with severe acute pneumoria we-e investi- 
gated by needle aspiration of the lung. Fourteen 
organ sms were isolated 1r 5nly 13 patients. Strepto- 
coccuz pneumoniae was Bolated in six patients, 
Staph»lococcus aureus in ‘hrez, and Haemophilus 
infiue1zae m two. Two patients had mixed organ- 
isms. 


Sever2 acute lower respirarory infection is common 
in developing countries and -s a major cause of 
mortality. Studies from s»me developing countries 
indicete a high prevalenc2 of bacteria in the aetio- 
logy of pneumonia in hosrital-sed children.’ * This 
may rot be universally the case. The present study 
was aimed at determining whether bacte-ia are the 
domimant cause of pneumonia in children in Zim- 
babwe as has been fowad :n some developing 
countries. 


Patiemts and methods 


The study was conducted be-ween Fetruary and 
August 1987. All children edmrtted under one of the 
three paedratric firms with severe pneumonia were 
investigated by needle asdiracion if they had not 
received any antibiotics before admission. The 
needl» aspiration was performed according to a 
standard me-hod with :Mght medrfication.” The 
aspirete wes cultured on »ood and chocolate agar, 
and :ryptcse phosphate or brain-heart infusion 
broth. The positive growths were indentified by 
standard bacteriological methods. InitiaLy negative 
cultuces were subcultured for 10 days. 

In the period under ccnsiceration 153 children 
were discharged with a firzl diagnosis of either lobar 
pneumonia or bronchopneumonia. Of these 40 


qualified for lung aspiration and had the procedure 
carried out. All were between the ages of 2 months 
and 11 years. All had a history of respiratory 
infection of less than five days' duration. The extent 
of the consolidation was determined by physical 
examination and confirmed on a chest radiograph 
and involved at least a whole lobe. 


Results 


Fourteen bacterial organisms were isolated by lung 
aspiration from 13 children amounting to a positive 
isolation rate of 32-595. Of the single isolates the 
dominant organism was Streptococcus pneumoniae, 
which was isolated in six patients, followed by 
Staphylococcus aureus in three, and Haemophilus 
influenzae in two. Two patients had mixed organ- 
isms, one with S pneumoniae and H influenzae and 
another with S aureus and Mycobactertum tubercu- 
losis. The M tuberculosis was isolated from sputum 
culture. 

There were no deaths attributable to lung aspira- 
tion. The only death in the series was an 18 month 
old child with severe kwashiokor and right upper 
lobe pneumonia due to H influenzae and large 
intracerebral abscess presumably due to the same 
organism. One patient had slight haemoptysis that 
cleared within 30 minutes, and another had a small 
pneumothorax that cleared spontaneously. 


Discussion 


Needle aspiration of the lung is the only definitive 
way of establishing the bacterial organism respon- 
sible for acute pneumonia. Studies from developing 
countries using this technique have established 
beyond doubt the dominant role of bacteria in the 
aetiology of acute pneumonia in hospitalised 
children.! ? ^ This, together with widespread mal- 


nutrition, had led to the almost universal use of 
antibiotics, often in broad spectrum combinations, 
in the treatment of most children with lower 
respiratory tract infection in and outside hospitals 
even when the clinical findings strongly suggest a 
viral aetiology. This practice has serious economic 
consequences for these poorer countries considering 
the large numbers of children seen with respiratory 
infections in and outside hospitals. It no doubt 
reflects the frustration of the doctor confronted with 
inadequately investigated lower respiratory infection 
in a sick child who is often in severe respiratory 
distress. Not least is the problem of emergence of 
resistant bacterial strains where antibiotics are used 
widely. The paucity of information from many 
developing countmes regarding the aetiology of 
acute lower respiratory infection 1n children makes 
rationalisation of treatment difficult. 

The result of this small series suggest that 
bacterial infection 15 not the most common cause of 
pneumonia in Zimbabwe in contrast with other 
developing countries such as Nigeria,! Papua New 
Guinea,” and Chilet where most pneumonias in 
hospitalised children are caused by bacteria. 
Comparing these countnes with high bacterial 
prevalence important regional differences in the 
bacteriological pattern become apparent. For 
instance, in Papua New Guinea H influenzae domin- 
ates over $ pneumoniae as the cause of pneumonia 
in children and $ aureus was conspicious by its total 
absence, whereas in Santiago, Chile, S aureus was 
by far the commonest organism isolated. In Nigeria 
S pneumoniae accounted for 62% of the isolates. 

It is therefore clear that 1nformation obtained in 
one region may not necessarily be applicable to 
other areas. To be able to rationalise treatment and 
make recommendations knowledge of the bacter- 
iological pattern and bacterial sensitivities ın the 
particular area 1s essential. Identification of areas of 
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low bacterial prevalence would also mean for 
governments in those areas more money spent on 
means of providing supportive care 1n hospitals if 
there is to be any substantial reduction in mortality 
due to lower respiratory infections in children, 
particularly in infants. 

The value of lung aspiration in acute lower 
respiratory infection is beyond question. The techni- 
que is easy and safe and undoubtedly superior to 
sputum, nose and throat swabs, and aspirates from 
the tracheobronchial tree.! ^? It enables not only 
the exact identification of the causative bacterial 
organism but also the determination and monitoring 
of antibiotic sensitivity. The morbidity of the proce- 
dure 1s small and usually minor as is evident from 
this study and those of others.! ? * In children with 
negative bacterial growth, which implies in most 
cases acute viral infection, the therapeutic emphasis 
will have a shift towards supportive care if these 
often very sick children are to survive. 
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Disseminated BCG in HIV infection 


J NINANE.* A GRYMONPEEZ.* G 3URTONBOY,t A FRANCOIS,* AND G CORNU* 


Depar.ments of *Paediatic Haemctolcgy and Oncology and {Experimental Virology, 


Universitaires Saint-Luc, 3*usse!s, Belgu.m 


SUMMARY A boy, born xc a motier wth AIDS 
relatec comzlex, was imrzvniszc w.th BCG on the 
10th day of lize. At the age cf 4 mon:hs he 2resented 
with a local =nlarged lympa1 noce, fever, kypotonia, 
and diarrhoza. Mycobacte-um bovis, BCG strain, 
was grown from the lymph noce ard cerebrospinal 
fluid; this proved dissemmaticn. 


The creasing prevalence of HIV intection in 
children, associated with ununure deficiency, has led 
to concern a»out the efficacy end complrcations of 
immuaisatica among these children.! ^ Th» problem 
of wkether children infected with HIV should 
receive live vaccines 1s complex the risk cf vaccina- 
tion must be balanced against the risk of irfection in 
the non-vaccinated child. 

There is evidence flat HIV infection is 
resporsible for the increased frequency o* infection 
wita tubercilosis and for morbidity with this 
micro-organ&m.? Patients with AIDS and tubercu- 
losis are rore likely tx heve extrapulmonary 
diseas2,* a;hough bacteraemua im disseminated 
Mycobacter.um tuberculoss is rare. In paients with 
AIDS related complex intection due to H tubercu- 
losis is of poor prognosis, accelerating the: transition 
to AIDS even if tuberculoss is only restricted to the 
lungs.* 

These problems with HIY infection and tubercu- 
losis promp-2d us to exploze the use of BCG vaccine 
in chr dren who were HI posiive Sore cases of 
local adenits after BCG immunisation 3ave been 
reporsed.! 4lthough a few case reports suggest a 
generalised infection dre tc BCG ir patients 
infected wi: HIV, disserineaon has never been 
clearly proved, except for the isclaton of M bovis in 
one r2ported case from 5:006 culture im an adult 
with AIDS and Kaposi's sarcoma.? 

We repor: here a case cf disseminated infection 
caused by M bovis afer BCG vaccmnation in 
an inant infected with HIV who presented with 
generalised lymphadenopathy, hvpotoria, fever, 
diarrFoea, end raised liver enzyme actwities. 


Case report 


A bor, born ia Zaire to a mother with ADDS related 
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complex, was immunised with BCG on the 10th day 
of life. Between the age of 1 and 2 months, he 
presented with repeated urinary tract infections, 
mucocutaneous candidiasis, and high fever. He was 
transfe-red to our hospital at the age of 4 months, 
for persistent fever, weakness, fatigue, anorexia, 
and diarrhoea. 

On edmission, he was an ill looking baby with a 
body temperature of 38-8°C His weight was 4600 g 
(10th centile), height 58 cm (Sth centile), and head 
circum@erence 39-5 cm (5th centile). He had an 
enlarged lymph node in the left axilla (diameter 
>2 cm: near the BCG vaccination site, hepatosple- 
nomegaly, and hypotonia. The erythrocyte sedi- 
mentation rate was >150 mm ın the first hour, 
fibrinozen concentration 2-86 g/l, and the C reac- 
tive protein concentration 0-246 g/l. His white cell 
count "vas 5x10?/1 (30% lymphocytes) and haemo- 
globin zoncentration 80 g/l. His hver enzyme activi- 
ties wzre raised: serum aspartate transaminase, 
110 IUA (normal <40); serum alanine trans- 
aminas, 50 IU/ (normal <40); alkaline phospha- 
tase, 385 IU/l (normal range 80-280); lactate 
dehydrogenase, 1200 IU/1 (normal range 140—300); 
and y glutamyl transferase, 1300 IU/L. Plasma 
gammezglobulin concentration was 65 and 
the T4/T8 ratio was 1:4 (T4, 0-269x10°/1; T8, 
0-190 10°/1). The in vitro response of lymphocytes 
to mitogens (phytohaemagglutinin, pokeweed, 
concaravalin A), and OKT3 was extremely 
reduced. 

Although antibodies against  HIV-1 were 
not de-ected in the serum either by two commercial 
enzym= linked immunoadsorbent assays (ELISA) 
(Pastear production and Abbott  env/core 
recomsinant EIA) or by immunofluorescence, 
further investigations were performed as the mother 
was krown to be seropositive. Another ELISA test 
(Wellcome) was found to give a weak positive result 
and Western blot analysis showed a low level of 
antibodies against GP 120. Moreover, HIV-1 
antigen was detected repeatedly in six serum 
samples from the patient (Abbott HTLV-III antigen 
EIA). A search for infection showed Candida 
albicams and enterococci in a throat swab, but no 
bacteral infection was found: in blood, stools, or 
urine. No viral, fungal, or protozoal infection was 
found. Culture of cerebrospinal fluid, however, 


grew colonies of an acid fast bacillus, identified as M 
bovis, BCG strain. M bovis could not be isolated 
from blood or from a nasogastric tube, but was 
grown in pus from the enlarged lymph node. A chest 
radiograph was normal apart from showing an 
enlarged heart. Cardiac ultrasonography excluded a 
pericardial effusion. Examination of the optic 
fundus, electroencephalography, and cerebral ultra- 
sonography gave normal results. Abdominal ultra- 
sound showed normal kidneys but the liver was 
appreciably enlarged. A liver biopsy was attempted 
but unfortunately failed to produce liver tissue. 

The child was treated with rifampicin 15 mg/kg/ 
day, isoniazid 10 mg/kg/day, and ethambutol 20 
mg/kg/day. His general condition improved dramati- 
cally and he became afebrile on the third day of 
treatment, and the local inflammatory signs dis- 
appeared around the affected lymph node. The 
results of his blood tests also showed a rapid 
improvement: the erythrocyte sedimentation rate 
fell from 150 mm in the first hour to 50 mm on the 
fifth day of treatment, the liver enzymes returned to 
normal values. The in vitro response of lymphocytes 
to mitogens remained low, however, and the T4/T8 
ratio fell to 0-33 at the age of 5 months (T4, 
0.072x1071; T8, 0-215x10?/). Hepatospleno- 
megaly became more prominent and hypotonia 
persisted, although it was less pronounced. The 
child returned to Zaire at the age of 5 months. He 
died two months later, probably from bacterial 
infection. 


Discussion 


The World Health Organisation recommends avoid- 
ance of the use of BCG in children infected with 
HIV who have symptoms as the efficacy is disputed 
in these children,° and because dissemination has 
been described in an adult patient. In the case 
reported here of M bovis dissemination, the infant 
who was infected with HIV was vaccinated on the 
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10th day of life, before he had any clinical symptoms 
of HIV infection. Dissemination was proved in our 
patient by culture of M bovis, BCG strain, in the 
cerebrospinal fluid and in the lymph node (local 
inflammation due to BCG). 

Although tuberculosis represents a real problem 
in Africa, and despite the fact that the frequency 
and the gravity of tuberculosis is increased in 
subjects infected with HIV’ with a great propensity 
for extension to extrapulmonary sites,* our observa- 
tion clearly shows that it is not advisable to 
vaccinate infants born to mothers infected with HIV 
with BCG, unless HIV infection can be ruled out in 
the child. 


We would like to thank Dr R Coosemans for refernng the patient 
as well as Professor J Prignot and Dr I Hann for their help dunng 
preparation of the manuscnpt 
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Ihoracic neuroblastoma presenting zs a cystic hygroma 
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SUMMARY A case of thoracic neuroblestoma with 
extension into the supracla1calar fossa 5 described. 
By physical examination aad ultréscund the patient 
was thought to have a cys ic hygroma with media- 
stinal extension. A ‘cyst n2zk mass may be the 
initial presentation of a medizstinal neu-oblastoma. 


Neuroblas-oma is the third most cor.moa tumour of 
childhosd.' The initial cl rical presentetion of the 
tumour is remarkable for it: proteen marifestations. 
In additior. to the frequen “nding of a fom mass on 
physica. examination of tre chilc, the 1nitial. pre- 
sentaticn also may be characterised by symptoms 
and findings related to cetastatic spread of the 
tumour or its metabolic 2“fects. 

We report a case of an ir fant with mild respiratory 
distress and a neck mass th it felt like a cyst located 
in the supraclavicular area. The ultrasound findings 
supported the diagnosis of cyst.c hygroma. On 
patholozical examination it was found that the 
presumed cystic mass was < >rimitive neu-oblastoma 
with hazmorrhage and necrosis. There have been 
previous reports of abdomaaal neuroblastoma diag- 
nosed preoperatively as cystic masses.? ? A cystic 
neck mass therefore can be added to the list of 
presentations of thoracic reuroblastoma.* 


Case report 


A 6 month old boy was acmit-ed to hcspital with 
fever and congestion. A ches: radiogra»bh showed 
right upper lobe consolidation possibly z mass. On 
physical examination he hed right supraclavicular 
adenopathy. The patient was transferred to the 
Childrer's Hospital of Eastern NortE Carolina 
because of the possibility of a ckest tumour. 
The patient was examia2d and found to have 
several small (1-2 cm) firm. nodular like masses as 
well as several small cystc masses in the right 
supraclavicular area. The tote] mass was about 
3x3 cm and transilumirzted The rest of the 
phvsical examination was ormal A repeat radio- 
graph showed the previcus described extra- 
pulmonary mass with deviatron of tae trachea to the 
left, indicating mass effect irr the mediastinum 
(fig 1). Ultrasound of the neck showec a supra- 


clavicular mass with mediastinal extension consist- 


mg cf multiple separate fluid filled spaces with: 


echogenic material within some of the cysts (fig 2). 
The f ncings were compatible with a cystic hygroma, 
or, less likely a cystic teratoma. 

The patient was admitted three weeks later for 
excision of the cystic hygroma. At surgery multiple 
cystic lixe nodules were removed from the nght 
supraclavicular fossa. Grossly the tumour nodules 
were .obulated and contained grey, firm, homo- 
genecus areas on cut section. Extensive areas were 
haemorrhagic and necrotic. Microscopically the 
neoplasm was highly cellular and consisted of cells 
slighty larger than mature lymphocytes. Cells were 
present in sheets and often clustered about a central 
area of eosinophilic, filamentous material (Homer 
Wngh rosettes). This filamentous material and the 
individual cells stained strongly with neurofilament 
and neuron specific enolase. Mitoses were frequent. 
Electron microscopic examination was remarkable 
for gl.cogen and numerous electron dense neuro- 
secretory type granules, features characteristic of 
neuroolastoma. 
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Fig1 4 frontal radiograph of the chest showing a soft 
tissue 1r ass displacing the trachea both within the neck and 
within £e :horax which on a lateral radiograph (not 
included) was displacing the trachea slightly anteriorly. No 
calcificetian is obvious on the plain films. 
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Fig2 A transverse ultrasound study of the neck showing a 
mass consisting of multiple fluid filled spaces as evidenced 
by the lack of internal echoes, strong backwall, and 
increased through transmission of sound. There are solid 
elements within some of the fluid filled spaces. Thick arrow 
indicates jugular vein, thin arrow indicates carotid artery 


One week later the patient underwent a thoraco- 
tomy to debulk the remaining intrathoracic tumour. 
At surgery a large tumour posterior to the oeso- 
phagus was dissected from the superior vena cava, 
inominate artery and vein, as well as carotid and 
subclavian arteries. The tumour was found to extend 
into the vertebral foramina T4, T5, T6, and T8 and 
small remnants were left. The pathology of the 
tumour was similar to the previous biopsy specimen 
and showed a neuroblastoma with rare ganglionic 
differentiation. 

Preoperatively the urinary vanillylmandelic acid 
concentration was 103 ug/mg creatinine (upper limit 
of normal, 15 pg) and the homovanillic acid concen- 
tration was 8 pg/mg creatinine (upper limit of 
normal, 37 ug). The postoperative metastatic workup, 
which included a bone marrow biopsy, ultra- 
sound of the abdomen, a skeletal survey and bone 
scan, gave negative results for tumour. ` 

The patient received five courses of chemotherapy 
given every three weeks; this consisted of daily oral 
cyclophosphamide (150 mg/m*) for seven days 
followed on day eight by adriamycin (35 mg/m‘). 
Complete re-evaluation after five courses of treat- 
ment showed that the patient had no evidence of 
tumour. He has had no recurrence of the tumour in 
the 18 months since diagnosis. 


Discussion 


Our case is interesting from several aspects of 
differential diagnosis. Because of the location of the 


cystic like mass in the supraclavicular area, the 
patient was thought to have a cystic hygroma.? 
Thoracic extension of the neck mass occurs in 10% 
of the cases. The sonographic findings in our case 
appeared to confirm the cystic nature of the mass. 
The echogenic areas within the mass were compatible 
with lymphangiomatous malformations. Another 
diagnostic consideration was a cervical teratoma, 
which can cause respiratory distress by tracheal 
compression. 

There have been reports of cystic abdominal 
masses diagnosed by ultrasound, which at surgery 
were found to be neuroblastomas. In these cases the 
cystic masses were thought preoperatively to 
represent cystic changes in the adrenal gland resulting 
from haemorrhage.” * Biopsy specimens taken from 
the cases reported have shown, like those from our 
patient, haemorrhage, necrosis, and a variable 
amount of microcystic transformation within the 
neuroblastoma. 

The clinical presentation of neuroblastoma is 
remarkable for its variety.* Patients with thoracic 
neuroblastoma may present with severe respiratory 
distress due to tracheal compression from the 
tumour. Neurologic dysfunction due to extension of 
the tumour into the vertebral canal and Horner's 
syndrome due to involvement of the cervical ganglia 
are other clinical presentations in the thorax.* 
Occasionally a patient is found to have a thoracic 
neuroblastoma on a routine chest radiograph. Our 
case adds another clinical presentation for thoracic 
neuroblastoma, namely a cystic like neck mass. 
When encountering children with cystic neck masses 
containing nodular (presumed lymphatic) tissue 
components and notable extension into the media- 
stinum one should consider neuroblastoma. 


References 


' Young JL, Miller RW Incidence of malignant tumors in US 
children J Pediatr 1975,86:254—8 

? Atkinson GO, Zaatari GS, Lorenzo RL, ef af Cystic neuro- 
blastoma in infants Radiographic and pathologic features AJR 
1986 ,146:113-7 

> Hendry GMA Cystic neuroblastoma of the adrenal gland— 
a potential source of error in ultrasonic diagnosis Pediatr Radiol 
1982:12:204—6 

* McLatchie GR, Young DG Presenting features of thoracic 
neuroblastomas Arch Dis Child 1980,55:958-62 

> Pounds LA Neck masses of congenital ongin Pediatr Clin 
North Am 1981 ,28:84 1-4 

© Pokorny WJ Mediastinal masses in infants and children 
J Thoracic Cardiovasc Surg 1974,6:869-75 


Correspondence to Dr DJ Ganick, Department of Pediatrics, East 
Carolina University School of Medicine, Greenville, North Carolina 
27858-4354, USA 


Accepted 21 March 1988 


Archives of Disease in CKiiáhood, 1983, 63, 1272—1275 


Lookinz back 


Great Ormord Street 50 years ago 


DCUSLAS GAIRDNE3 


I wes zppoiated house phrsi-iaa at The Hospital for 
Sick Children in 1937. In recraspect I car see that I 
was there at a very partici'zr time in the hospital’s 
history, because 1937 was *o merk the enc of an era. 
A decade or so before, the “ame o? Great Ormond 
Street hed depended on z zzneration of physicians 
of the calibre of Still, Garrcc, Batten, anc Poynton. 
But the stafting of the hospital end the wa~ the work 
on the medizal side was ca-rizd xut rad changed but 
little im the 20 years betacen the wars Change, 
however, was afoot and by tre fcllowing yzar, 1938, 
the piccuze was at last beginning to alter, as will be 
explained. 

I was one of only two Forse physician:, and my 
appoincmen: was to Drs E A Cockayne ard Donald 
Paterscn. These two gentlemen had not been on 
speakirg terms for years. S3 they had come to a tacit 
agreement whereby each tcck it in turn t5 appoint 
the shzred nouse physicier. 

House physician jobs st Great Ormond Street 
were highly competitive, andit was understood that 
to stand much chance of suzcsss an eprlicent should 
have the Membership of the Royal College of 
Physicians, and should also d2-ncnstrate hiskeenness 
by having made one or more previous applzxations. I 
did not have the Membersh T, end indeed. was very 
junicr, having been qualnüsd ‘ess tham a year. 
However, I did possess ome cracial asset.—I came 
from th rigkt medical scho. the M-ddlesex, for Dr 
Cockayne, whose turn it wa: zo appoint, was ‘on’ at 
the Middlesex as a genera! phys:cian. Hospital 
chauvinism was a powerful fo-ce end toit, unworthily, 
I owe my en:ry to Great Crmond Street 

The two càiefs I found ysef working for each 
had & ward cf about 26 cots. but the two firms had 
little else in common. The senior of the two, Dr 
Cockayne—Cocky—was a 337 eccertric; i. was my 
loss that I never felt able to get onto his wavelength, 
or to knew how to respont to the curious little 
giggles which accompanied the remarks that he 
would drop, often after s dmzorcertinzly long 
silence, in the course of Li: twice weekly ward 
round. But my successor, Dick Bonham-Carter, 
became a devotee of his, amc seys: ‘Cockayne was 
an Edwardizn bachelor, wko did not care for 


women. This attitude was compounded by the fact 
that Fe had to teach female medical students from 
the Royal Free Hospital at Great Ormond Street. 
Furthermore he had had rooms in Lancaster Gate 
when the building had been bought by London 
University and turned into a female students' hostel. 
He was very fond of children, but his life and his 
original work were devoted to genetics His OBE 
was awarded for his work in entomology; he was 
President of the Royal Entomological Society, 
having made his name by cataloguing the Roths- 
child's collection of British moths, a genetic study. 
In human genetics his Inherited Diseases of the Skin 
and A»pendages was a classic. His knowledge and 
memo-v were remarkable. A physician at Hammer- 
smith Hospital rang up to ask me to tell Dr 
Cockavne that he had admitted an 18 year old girl 
with pseudo-xanthoma elasticum. “That will be 
Vera Green," he said, and of course it was. He was 
intrigued by my own pedigree, because I had an 
English name but a Scottish home. ‘Poltallock, 
Argyll?” he said, “Ah, yes, the white woodcock in 
the Nztural History Museum." (It was shot and 
presen:ed to the Museum by my grandfather.) No 
wonde- I was fond of him and thought he had the 
best inzellect on the staff at Great Ormond Street. 
But he: was odd.’ 

I saw far more of my other chief. Donald Paterson 
was a Canadian who, armed with the vigour, 
confidence, and drive that were considered to be 
typical of the products of the New World, had come 
to this country when quite young. In no time he had 
established himself as the best known children's 
physician ‘no one then called himself a paediatrician), 
had wr tten several books, and published plenty of 
papers-mostly pot-boilers, for he was no medical 
scientis. He ran a flourishing practice from his 
house ia Devonshire Place, at a time when no other 
physician was able to make a living if confining his 
practice to children. 

To the archaic atmosphere then pervading the 
medica: wards at Great Ormond Street, DP brought 
a whirlwind of activity—stimulating without being 
inspinnz, was Dermod MacCarthy's not unfair 
description. His ward sister, Sister Manley, had 
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perfectly adapted herself to DP's highly individual 
style and tempo—allegro molto con brio. She would 
explain to the new house physician how long 
experience had taught her how to manage this man, 
‘and if you do what J know he wants, we shall all get 
along’. I was well content to fall ın with this 
pragmatic policy. However, the fact that my 
appointment had manifestly been made by the 
unmentionable Dr Cockayne started me off on the 
wrong foot. I was dreadfully inexperienced and my 
deficiencies were relentlessly exposed and com- 
mented on by a tyrannical DP. After three weeks I 
resolved to tender my resignation, on the grounds 
that my work was always going to dissatisfy him. I 
tackled DP to this effect before the next ward 
round. To my great surprise he denied any such 
dissatisfaction, and spoke warm words of en- 
couragement. From that time on we got on well, and 
I profited much from his large clinical experience. 

The resident staff totalled seven, with two house 
physicians, two house surgeons, a resident surgical 
Officer, a casualty officer, and an anaesthetist. This 
last was a women, the first ever appointed (apart 
from the exceptional days of 1914-18). There was a 
medical registrar (George Newns) who was non- 
resident. His job rather surprisingly included doing 
all the postmortems. George Newns was available 
for help and advice during the day, but during the 
night bours when, as all know, most of the emergen- 
cies and crises happen, there was no one the house 
physician could turn to. It would have been unheard 
of to bother one of the chiefs. So the resident 
surgical officer (David Waterson), when not en- 
gaged in the theatre as was usually the case, was 
the one experienced person in the hospital. He it 
was who saw me through my first emergency 
tracheotomy. 

The hospital was then ın the course of rebuilding. 
Cocky's ward was still in the old building in Great 
Ormond Street, while DP's ward was temporarily 
housed in the top floor of the new nurses home in 
Guilford Street: (The latter arrangement made it 
tempting for a houseman to add interest to his late 
night ward round in the form of an occasional 
clandestine assignation.) The two wards were far 
apart—five minutes at a fast run—and inevitably a 
crisis in one of the wards would find me 1n the other. 

There was a brisk turnover of cases in DP's ward, 
a good number of the children having been seen by 
him privately. It was sometimes hard to keep up, 
and a mongol (sorry, Down's syndrome) or other 
retarded child was warmly welcomed, as it blocked a 
cot for a week or two while being ‘investigated’. This 
would probably include a request for Dr Wyllie's 
opinion. Dr Wyllie was in the unfortunate position 
of having the reputation of an interest in neurology; 
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this he tried strenuously to play down, claiming that 
the only children he was ever asked to see were 
those with mental defect. Arriving to see such a case 
in the ward, he would approach with a resigned air, 
draw from his case an ophthalmoscope of the simple 
type sold to students, make a few perfunctory shots 
at scanning the child's fundi, and the visit was 
complete. A ritual performance? Yes, but in those 
days when medical knowledge was relatively scanty, 
much that passed for medical practice was largely 
ritual. 

Asthma was then as now a common disease. DP 
sent these children in to be dealt with on a routine 
plan. Each child had an x ray of chest and antra (the 
latter often leading to an antral washout), a blood 
count, and sedimentation rate. Frenetic activity on 
the part of Sister Manley was required to ensure that 
all these had been done and the results to hand by 
the time of DP's next visit. The child was then sent 
home or to a spell of convalescence at Tadworth, to 
receive a course of injections of Bencard's Mixed 
Inhalants. 

For the really severe asthmatic we had one 
sovereign remedy, to send the child to Davos in 
Switzerland for a period of months or years. The 
Davos scheme continued for many years, and 
required a paediatrician to make occasional visits. 
For a long time this not very exacting duty was 
happily undertaken by Richard Dobbs, whose visits 
were carefully timed to coincide with the most 
favourable ski conditions. 

Gastroenteritis played a large part in our hfe; 
many acute cases were admitted, while cross infec- 
tion within the ward was a continual worry. It was all 
too common for a well baby to come in for some 
minor procedure such as a hernia operation, only to 
go out in a coffin. Treatment usually involved an 
intravenous drip, which meant a cut down at the 
ankle, a houseman's reputation depending much on 
his expertise at this procedure. I gradually improved 
but never relished the tricky job of getting a cannula 
(Bateman's needle) into a minute vein, under the 
dim light of a torch held by a nurse. The only 
intravenous solution was normal saline (no potas- 
sium) infused in somewhat arbitrary amounts. 

Meningitis was not only common, but often seen 
at a late stage when a meningococcal infection had 
become chronic (‘post-basal meningitis’) with the 
pathetic picture of a grossly wasted baby in extreme 
opisthotonos. Sulphonamides were just coming into 
use, but Prontosil, an intense red dye, was the only 
soluble form. I have memories of wrestling with a 
desperately ill baby at some ungodly hour of the 
night, one hand holding a needle inserted into the 
baby’s cisterna magna and the other holding the 
infusion of Prontosil connected to the needle. 
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This we: an era when tre idea of focal sepsis was 
popular. aid an adult witk rteurnatoid arthritis was 
likely to saffer a denta. zearance. Analogously in 
the paeciatric field, enteral d.sease wa: considered 
often a symptom of rmct.on elsewhere in the 
body—'pzrenteral infect:cn'. Cryptic nfection in 
the midcle ear was held zo be »articular-y important 
in this coatext, and when in docbt it vas thought 
wise to indse the ear drum. I: was not unusual for 
the housenan to perform th= mvringo omy in the 
ward, heving first himss f. amaes-hetised the child 
with ethyl chloride giver by mask. I had just 
completed the myringocomv in this vay on one 
young chalc with an intrectible diarrhoea, when the 
nurse said quietly, ‘I think ke’s dead’. Ske was right. 
I was overcome by misery, knowing thar my actions 
had beea mpetuous, inccmzetent, ard probably 
unnecessary. The fact thet I received sym pathy from 
my senio-s rather than tle censure I felt I deserved 
mortified me. At the ccncnes’s inquest, held in a 
courtroom in Marylebone [ hac to listen to the 
unctuous tones of the ccroner as he cssured the 
bereaved -arents that the doctor concerned had 
selflessly laboured and w21 aM his adm rable skills 
in a fight tc save their child’s ife. The proceedings 
ended wrt the clerk to tke zou-t handing me my fee 
as a witness: two guineas As custom cemanded I 
pocketed tre two pound rctes and hanced back to 
him the tac: shillings. I vzlxed back to the hospital 
and there discovered that I dd not haze the two 
pound nctes; I must have tarcwn them zway in my 
utter disgust. 

DP's famous ‘circus’ on Fricay afterncons was an 
enjoyable feature of the wee«, when -ases were 
demonstrated to any wkc cerec to come. DP, 
somethings of a showman 1.ms?lf, liked his staff to 
show a case with some fansche. Sometimes an 
expert wes nvited to spezk, cad in this way I met 
some of tie medical cele»5-Xies of the time. 

Less erjcyable was the wee<ly whoooing cough 
chime whect fell to my 1o. tc ren. Waatever its 
original atr can have beem, ~s purpose was now 
totally obscure. The scen2 vas a sort of Dickensian 
version cf Dante's Infermo, wita a roomful of 
coughing, spluttering, who29in z ckildren supported 
by weary, distraught mothers. My reguler assistant 
on these 5-cassions was g porter of exceptionally 
lugubrious mien, who, zrmec with a nop and a 
bucket of sawdust, impas:m2]y dealt witE the pools 
of vomit. Diagnostic tests imcluded a leucocyte 
count, fram which I at lees: learn: that a sky-high 
lymphocyte count—my recorc was 200 300—does 
: not alway: mean leukaemia 

Two receat publicatiors aad. claimed that large 
doses of vitamin C curtaled the symptoms of 
pertussis. TEe clinic provid a3 opportunity to set 


up a controlled trial (the placebo was a spoonful of 
cod kiver oil and malt); vitamin C was shown to be 
without effect. DP, a keen advocate of the publish- 
or-be-damned theory, persuaded me to write up for 
the PMJ this non-world shaking finding. 

The other pair of medical firms at Great Ormond 
Street were those of Dr Frew and Dr Pearson, for 
whor1 I also did a stint as locum house physician. Dr 
Pearson was absent for long periods for health 
reasous. so his influence was slight. Dr Frew was 
chief’ remarkable for his skill in avoiding ever 
committing himself to any definite opinion about 
any o the children he was shown on his ward round. 
He wes nearing retirement and was rumoured to be 
writirg a textbook on the diseases of children. This 
seemed unlikely, but to everyone's surprise the 
book did appear. Surprise turned to shocked horror 
when readers discovered that according to the senior 
physician at Great Ormond Street, almost every 
disorder from enuresis to encephahtis was the result 
of a hitherto undescribed lesion —hyperphlebaemia, 
or overfilling of the veins. Strangely, that word had 
never been heard on the author’s lips during the 
long years he had attended the hospital. 

Besides the four physicians ‘with beds’ there were 
the outpatient physicians, W G Wyllie, Bernard 
Schlesinger, Wilfrid Sheldon, Reginald Lightwood, 
and Alan Moncrieff, from whom were to come 
many of the leading men among the postwar 
generation of paediatricians. From their outpatient 
clinics would arrive on the wards children labelled 
"For aimission this day’, with a provisional diagnosis 
attachzd. The latter, with the irreverence of youth 
we were apt to demolish out of hand. Reggie 
Lightwood was famed for the vagueness of his 
diagncses, one of which ran:? vomiting,? ‘?’. 

The. surgical side of the hospital was active and 
flourisning at this time, with a team of bright young 
surgecns, of whom the acknowledged star was Denis 
Browre (the only surgeon in London who confined 
his wczk to children). He was a man brimful of 
origine] ideas, and with the necessary drive to 
impler:ent them. His cleft palate results bettered 
those of the plastic surgeons, and his contributions 
to ortiopaedics, notably talipes, were becoming 
accepted internationally. We always tried to steer 
our pyloric stenosis babies to him for operation, 
which he did under local anaesthesia with an ease, 
delicacv, and speed which was wonderful to watch. 
He was said to have done over a thousand Ramstedts. 
'Pylorizs' were then usually diagnosed very late, and 
these babies came in wasted, dehydrated, and 
alkalotic, so ether anaesthesia, used by the other 
surgeons, was liable to be the last straw for them. 

Nursing was of a very high standard. as a nurse 
could only start her children's training after becom- 


ing a state registered nurse. I was often painfully 
conscious of the disparity between my own experi- 
~ ence and that of the nurses I was working with. Then 
as now there were never enough nurses, and the 
ward sisters seemed to be chronically at war with 
‘the office’ where Matron was supposed to have any 
number of nurses, wilfully refusing to send out any 
of them to ‘special’ some particularly dire case. 

The prevailing attitude to mothers is epitomised 
in the immortal words appearing ın Sir Robert 
Hutchison's Lectures on Diseases of Children, ‘.. . 
these are apt to be loquacious persons, but it is 
always worth while to listen patiently to all they 
have to say. ..’. Visiting was limited to Sunday 
afternoons, and was discouraged altogether for the 
toddlers because they would be ‘upset’ by seeing 
their mother. I do not remember that any facilities 
were made available to enable a mother to breast 
feed her baby. But DP was unique in regularly 
setting aside time at the end of his ward round to see 
the parents. 

Looking back on my time at Great Ormond Street 
half a century ago, I recall the sheer enjoyment and 
exhilaration of working there, but also the periods 
of overwhelming exhaustion. In part this was due to 
the work of looking after more than 50 sick children 
and the lack of sleep, but also to the excessive 
clinical responsibility that I as a house physician was 
landed with. Time off was virtually confined to 
alternate weekends. On one of these I reached 
home at teatime on the Saturday, fell into bed, and 
surfaced again next afternoon 22 hours later, just in 
time to set off back to the hospital. 
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A particularly sapping part of the job was the 
system by which I would be woken by a porter early 
in the morning with a message that Mr and Mrs 
Brown were waiting to be seen at the porter’s lodge. 
Gradually ıt would dawn that Baby Brown, whom I 
had been up with the last few nights, must have 
died. Bleary eyed, half asleep, and irrationally 
resentful, I had to interview the stricken parents 
and, before signing the death certificate, ask their 
permission for a postmortem. It was all too much. 

But a great deal was about to change, and in 1938 
the number of house physicians was doubled to four, 
one for each ward. Two new posts were established 
with the somewhat portentous title of resident 
medical assistant and clinical pathologist, and these 
were filled by Ronald Illingworth and Elaine Field 
(‘Another woman? What's the place coming to”). 
More important still, a resident assistant physician 
was appointed (Dick Bonham-Carter), counterpart 
to the resident surgical officer, so at last a house 
physician would have someone at hand to consult. 

There must be many people who, though greatly 
devoted to their parents, yet look back on their 
childhood and realise that their upbringing had been 
far from ideal. So the upbringing I received from my 
alma mater, Great Ormond Street, may have been 
less than 1deal, but somehow it left me with a deep 
and abiding affection for the place. 


Correspondence to Dr D Gardner, 17 Rutherford Road, Cam- 
bridge CB2 2HH 


Douglas Gairdner was the only consultant paediatrician in Cambridge from 1948 until his retirement ın 1975 He was editor of the Archives 
of Disease in Childhood 1964-79 
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Tte report Where are tae children? used routinely 
gathered NHS data from 9&4 to deternine where 
children admitted to ho:pital were beirg cared for 
and whether Department cf Health and Social 
Security (DHSS) guidelines cf some years standing 
were being followed.’ These were the best data 
available. nanonally but tre study shoved several 
mejor defects. 


Defects in data gathering 


Althougk zhe regions we-e zenera ly able to provide 
data on specialities adn ting childrer, problems 
occurred in the followirg ar2as: 


(1) CONFUSION IN IDENTITICATION OF SPECIALITY 
CARE 

Newborn babies receiving ‘transitional care’ may 
no: have bzen identified aad tms may be-one reason 
for variatLity in admissicr ~at2s to speciz] care baby 
units. Babies who have aadergon2 surgery may be 
discharged from these waits as a ‘newtorn’ rather 
than a ‘surgical case’ arc not be credred to that 
speciality. In older childrer, especially 11 childrens’ 
hospitals. children receivinz care Irom e paediatric 
surgeon mav be recorded simply as a general 
surgical cr urological cas2 to the obvious disadvan- 
tage of tne speciality of paediatric surzery. 

Difficuttes arose in -comraring disticts when 
treatment of children with imfectious cisease dif- 
fered: their care being umdertaken by zither pae- 
diacricians or infectious C:.eas2 consultants. 

In intensive care unis where a 'discharge or 
death’ orly is recorded. children may be under- 
counted tecause children were :deatitied only when 
a death cczurred: children trensferred tack to the 
children's ward were not -eccrded end, of course, 
children are rarely discharged hame from an 
intensive care unit. 

Ao data were availaFle on children attending 
outpatien:s or, except for a few districts, accident 
and emergency departments, nor fcr thos» attending 
dizgnostic 2r therapeutic Cepartrents. 


2) ADMINISTRATIVE DATA INADEQUACIES 

In several regions definitions or identification of 
wards dealing with children were inadequate with 
obvicus implications for nurse staff establishment 
and facilities for parents Indeed it was of concern to 
“ind that no information was available from districts 
on toe numbers or location of registered sick 
childien’s nurses. 


(3) DAY CASE OR WARD ATTENDER? 

Day case admissions of children pose a particular 
area Cf difficulty. Most childrens’ wards expenence 
a corsiderable 'unlogged' workload from ward 
attencers, which often amounts to a further 20% of 
their recorded inpatient numbers.” There appears to 
bave been wide variation in the recording or 
defini-ion of these cases. 


Children in hospital 


[espite these defects a broad picture of care of 
children in hospital in 1984 became apparent. 


WHERE WERE THEY? 

There were 878 553 child inpatients (age 0 to 16), 
which represents 16% of all hospital admissions of 
all ages to all NHS hospitals in 1984. Of these 
children, a half were under 5 and a third under 2 
years of age. Although some of these will be 
readm ssions of the same child, some idea of the 
scale of demand upon inpatient facilities can be 
obtained by stating that these figures would repre- 
sent between 7 and 10% of the total population aged 
J zo 16 or for the age range 0 to 4 years, 11 to 18% of 
tbe population of that age group 1n England in 1984. 

Abo.it one in four children discharged still appear 
ta be irom an adult or mixed ward. 

Mos: regions admit between a third and a half of 
acolescents with medical conditions under the care 
of genzral (adult) physicians, nearly all of these 
te2nagers being treated on adult wards 
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WHO CARED FOR THEM? 

Paediatric medical staff were directly involved in 
4396 of these child admissions in addition to their 
care of normal newborn babies. The remaining 57% 
of child admissions were under the care of surgical 
specialties when paediatric medical staff are often 
involved assisting in the care of small babies. 
Nursing staff always are involved of course. There 
has been an increase in the number of admissions to 
hospital over the period 1974 to 1984, especially in 
the younger age groups, despite the (slow) growth in 
the use of day care. There is also reason to believe 
that day cases have been significantly undercounted.^ 
These changes have major implications for the nurse 
staffing establishments of childrens' wards and for 
the provision for parents and families. 


New daía and information systems 


The defective data collection will come as no 
surprise to clinicians all of whom are probably aware 
of the considerable energy and expense directed to 
the improvement of NHS information ın the form of 
the development of performance indicators and 
from April 1987, the introduction of the recom- 
mendations of the Korner report.” It seems timely to 
examine what is happening to see whether the 
changes will be of help to paediatricians who 
perhaps more than other specialists are used to 
reviewing NHS statistics relevant to their work. 


Performance indicators 


'Performance indicators are designed to inform 
judgements about how well NHS services are being 
provided’.* The first package of performance 
indicators? provoked a mixed response? and while 
some of those available were of interest others were 
of little value. "Tracer conditions' were selected in a 
rather odd way or were based on insufficiently 
precise diagnostic data. It is already possible, how- 
ever, to obtain a display of the workload of a 
paediatric unit related to population served (catch- 
ment or resident) and of the bed number, clinics, 
and staffing resource to meet these demands 
(although the medical manpower data on which this 
information was based were incorrect). Some clini- 
cians are not aware that their district will have this 
information on computer disc from the John Yates 
district profiles? and the DHSS performance indi- 
cators package.’ 

The display allows comparison with other units in 
the region or nationally in the form of a histogram. 
Future refinements of these data should allow 
provision for children to be measured against a 
minimum standard which could be set (but by 


whom?) so that those districts falling far below this 
could make strong cases of need for the problem to 
be rectified. Attempts to examine certain data such 
as length of stay or admission rates for specific 
conditions— tracer conditions, for example, 
asthma—may allow comparisons between districts. 
The purpose to which this comparison is to be put is 
still questionable, however, and although it may 
highlight local problems and in this way prove useful 
(for example, social adversity or differing clinical 
practices), it is essential that the data are analysed 
by managers and clinicians working together. It 1s 
also essential that the diagnoses chosen for these 
‘tracer conditions’ are such that districts will be 
comparing like with like (somewhat unlikely until 
the input of diagnostic codes is improved con- 
siderably). The information that comes out, of 
course, is only as good as that put in. Clinicians have 
a major responsibility here to assist those recording 
these data with the use of codes from the Inter- 
national Classification of Diseases including some- 
times the use of the fifth digit necessary, but rarely 
used, in a number of paediatric conditions. 

The new performance indicators proposed in 
1987* attempt to build upon the experience of the 
use of the first DHSS package and of John Yates 
district profiles." Consultation has taken place but it 
remains to be seen whether it will be necessary to 
await the next but one package before adjustments 
are made in the light of the comments received by 
the DHSS.” 

There are already some evident difficulties. 
Emphasis is given to basing the workload in a 
district onthe resident population or catchment 
population as perceived by a health authority. While 
this will work in most areas it is not appropriate in 
inner cities or in regional centres providing a tertiary 
referral service. Indicators should be interpreted in 
the context of the nature of the population served 
and these data are available based on data from the 
Office of Population, Censuses and Surveys from 
the John Yates district profiles on computer disc for 
each district in the form of a ‘Jarman’ index (which 
includes information on numbers of children under 
5, one parent families, immigrants, and the un- 
employed, etc). Some consideration should be 
given to showing the type of work done in a 
department in future. The neonatal data need to be 
improved to identify neonatally trained nurses for 
example, or numbers of babies treated after transfer 
in utero. Some of the data being collected in the 
community will be of no value unless what is being 
collected is defined much more precisely—for 
example, when schoolchildren being examined are 
counted it is not made clear who is examining them: 
nurse or doctor. Hopefully after recent events, the 
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orginal lack of intent -o ccant nurses who are 
tramed to work with children, sor national compan- 
son, will b= rectified. 


Korner reports 


The systems recommend=i br the Steering Group 
or Health Service Info-maticn (Körner reports) 
make an avowed start on the inprovement on NHS 
information. ? Patient sformation srstems are 
us2d which replace the statis: cs of SH3, hospital 
activity analysis (HAA), anz hospita. inpatient 
enquiry (HIPE) and proide minimum data sets 
aimed principally to provide: 

i infcrmation for tbe nes th services manage- 
ment. Thus we have not :actled specafically the 
inform ation needed by healt psofessiona s to evalu- 
ate the results of their cerz; aor that needed by 
indivicual professiona bccies to review the re- 
sources available to aid 135 p-ofessionzl work of 
their members’ (paregrapa 2.7, First report)? 
Materaity services are excepted from this however, 
as there is an intention :o assist clinicians ‘in 
reviewing the process of their zare’. Nevertheless, 
paediatricians should attempt —rofitably to use the 
data tFat are held combinimg this with the data from 
performance indicators tc zotan a pictu-e of their 
prectice from the manage: vizwpoint. 

A major drawback of the Komer reports are 
that ‘outcome measures’ (Ee rezult of the-apies) are 
not fuly considered and -here is a need to extend 
the diclogue with the prof23ziozs ta determine what 
these should be. It appea-s -hoigh that rt could be 
some years before these w5.r.d œ credible in view of 
the inaccuracy of the dizgrostc data held in the 
past. 


Inpatients 

The minimum data set whiza includes the diagnosis 
is -o te collected on zll .npatiznts and day cases. 
Ward attenders would onfy hzve this irformation 
collected if a decision is mad: ta do so locally, which 
paediatricians could inflazace Clinicians should 
note the new proposals rekat-ng <o inpatieat activity. 
Bed occupancy is no longerx=gazded as ar appropri- 
ate incicator of efficiency 0^ bzd usage (paragraph 
9.38, First report).? 

"From basic data suca as the umber o bed days 
intended to be used, actaaly avalable and used, 
and the number of patients trea:ed, statis-ics can be 
derived which serve as ind.ceto-3 of the efective use 
of beds. However, the cessation of data collection 
about specialty bed availabai-y rears that -raditional 
statistics which incorporete tks measur such as 
specialty bed occupancy, specie ty tumover interval 
and specialty throughput rer <vailable bed can no 
longer be calculated in the am» way.” 


No» a ‘ward inventory’ will need to identify those 
beds in aggregate for use by children as a patient 
groug within the district and paediatricians, exercis- 
ing their role of overall supervision of childrens’ 
services, together with the nurse managers should 
ensur= this is correctly done. The availability of such 
beds can be analysed daily. Utilisation of these beds 
by differing specialties will be analysed in the form 
of length of stay and throughput per available bed 
(paragraph 9.41, First report).? Such analysis will 
require that each specialty within a district have a 
nominal allocation of beds by management which 
are intended for its use. Each district will have to 
send to the region its intended use of beds for each 
specizlty (paragraph 9.43, First report).? Some of 
the beds allocated to each of the surgical specialties 
treatimg children and all the beds used by the 
specialty of paediatrics will be on a children's ward. 
This change will be especially important for those 
districts which have up to now used the childrens' 
wards on a very flexible basis and clinicians should 
be involved in the allocation. Under the new 
arrangements, when a bed is ‘borrowed’—for ex- 
ample, if a paediatric patient occupies one of the 
beds allocated for surgical use on a children's 
ward—then the paediatric bed number is increased 
and the surgical number decreased for that day. 
Subsequently, the 'throughput per bed' will be 
calculated over the period using the additional bed 
number. 

This change should provide a clearer picture of 
workload and should show inappropriate bed alloca- 
tion. For example, an unusually high throughput per 
bed fox paediatrics could indicate (a) an inadequate 
number of beds for the catchment population; or (b) 
be expiained on the basis of an exceptionally high 
populuen of children in the population served; or 
(c) a popular subspecialty interest in the district; or 
(d) relatively deficient primary care or a deprived 
community in an inner city; or (e) an unusual case 
mix such as admission of head injuries under a 
paediatrician’s care. 

Infomation from the data will be routinely 
available and separately upon both the activity of 
the ward and upon each specialty: and if necessary, 
each day's activity can be examined to illustrate the 
fluctuations 1n usage. The summary will also show 
usage .n terms of bed days and it will be easier to 
examire the relative use of childrens beds by 
specialty. 

Clin-cians will need to become familiar with these 
new systems of display of their work. 


Outpatients 


The recording of data on outpatients in surgical 
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specialties will allow local analysis of the attend- 
ances of different age groups and show the chil 
drens’ workload being dealt with This must prove 
an advance for the planning of facilities for children. 
Also numbers of children attending therapeutic 
departments can be obtained but not regrettably the 
number of children attending diagnostic depart- 
ments (pathology or x ray). It is a pity that 
diagnostic data are not to be collected yet on 
outpatients. 


Community 


There will be an increase in the data collected in the 
community but further experience needs to occur 
before it is clear whether this will be helpful to 
clinicians in child health practice. 


Day cases/ward attenders 


Part of the development over the years in paediatric 
practice has been an increase in ward attenders' 
work (although the scale of the increase has not 
been possible to measure as they have not been 
recorded). If a child attends under a regular 
arrangement to the ward then he could be regarded 
as an outpatient but this is unusual and most such 
patients will have been recorded (1f at all) as a day 
case or even less likely, a ward attender. Under the 
Korner report recommendations this should ım- 
prove (ward attenders will at least be counted) but 
only if the definitions are not regarded too rigidly: 
for example, a child who properly should be 
regarded as a day case because of the treatment 
received but who spends less than the defined ‘few 
hours’ on the ward or who does not use a bed could 
incorrectly be counted as a ‘ward attender’ on whom 
the collection of diagnostic data or a minimum data 
set is optional. Indeed it is highly desirable that the 
minimum data set is collected on ward attenders as it 
is on day cases,” and clinicians should press for this 
to be done in their districts. The pattern of care 
provided in this way is in the interests of children 
and units should not be ‘ .. penalised through failure 
to capture data about them' (paragraph 3.11, First 
report)? as Korner has recognised. Such data 
collection 1s the first step in getting adequate staffing 
to meet this workload! 


Neonatal practice 


Under the recommendations of the Korner report 
newborn babies are recognised as a specific patient 
group and indeed the type of care received (normal, 
special, or intensive) will be recorded. The mini- 
mum data sets, however, will incorporate the 


expanded information, endorsed by the Bntish 
Paediatric Association (paragraph 6.14, First 
report)? only as a local option which should there- 
fore be pressed for. It may be necessary to point out 
that the admission of a newborn differs from a 
paediatric admission and its activity must be ana- 
lysed separately and that each maternity bed does 
not have an associated neonatal cot (some are 
antenatal beds). 


Comment 


In order that the data derived from the Körner 
report or performance indicators are to be valuable 
in child health practice, it 1s essential that its 
limitations are known to clinicians and to managers. 
It'may be a faint hope that too much decision 
making is not to be based on the presently available 
data until their accuracy and completeness have 
been substantially improved. The information needs 
also to be interpreted in the light of local circum- 
stances rather than be used to provide managers with 
a goad to provoke greater effort from already pressed 
clinicians or worse, as a reason for removing 
resources from a service which superficially appears 
to be overprovided or underused. In some instances 
hopefully, the data will be of help in obtaining 
greater resource but again only if interpreted ın the 
light of their limitations and local conditions. 

Managers must understand the nature of paediatric 
practice—that 1s, practice which is largely responsive 
to uncontrolled demand that fluctuates over the 
week or year—and clinicians should be prepared to 
help them to do so. Also that while older children 
especially are treated at home, there is an increase 
in the admissions of babies to hospital (with 
increased needs for nursing staff and for doctors 
skilled in their care). Consequently while a children's 
bed in the district may be empty a suitable bed (for 
example, a cot and cubicle for a small baby) may not 
be available. Also when childrens! wards are full, 
children cannot be slept out on an adult ward. Thus 
it is necessary and desirable to have unoccupied 
beds to retain flexibility even though on ‘performance’ 
this is likely to be regarded as a bad thing." 
Similarly, relatively high numbers of return visits to 
outpatients or as ward attenders may represent good 
practice in supporting primary care of such chronic 
conditions as epilepsy or in treating acute or 
complex illnesses at home. 

Buried in non-paediatric statistics are measures of 
workload provided for children, and managers may 
need to be guided to recognise this by the display of 
inpatient and outpatient data in the age bands 0 to 
16 years or in smaller bands. 

It seems inevitable that ‘performance’ will con- 
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tinue to be evaluated in some way from henceforth 
for a vactety of purpo-es. 2aeciatricians should 
ensure that some of these »u-poses are their own. 
There se2ms, for instance, little doubt that cen- 
tralisatior of all childrens” services on oae site will 
lead to the most effective use of resdurce—the 
managers first priority—and the best service for 
children end their families—tEe pzedtatrcians’. 

The new arrangements fcr analysis of work 
patterns cces, however, pkace consideratle respon- 
sibility up»a clinicians to 23sure that the system will 
operate ir the best interests of ther service and the 
children they serve. 
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Personal practice 


Establishing breast feeding in hospital 


JUDY LEVI 


Paediatric Department, University College Hospital, London 


SUMMARY The experience and practice of the author is described in her appointment as a breast 
feeding advisor to the paediatric and obstetric units at University College Hospital with special 
responsibility for supervising infant feeding, especially breast feeding in the maternity unit. 
During 1980-5 there were 13 185 mothers whose babies fed. The feeding method of 12 842 
mothers was recorded on discharge from the postnatal wards and 77% were breast feeding; only 
396 of these mothers gave complement feeds of infant formula. The practices in the maternity 
wards to enable mothers to establish successful breast feeding and the methods of dealing with 
common problems of breast feeding are described. 


Breast feeding has undoubted nutritional advan- 
tages. The composition of human milk cannot be 
bettered by manufactured artificial feeds. It also 
helps to protect the infant from infections by passing 
on immunoglobulins, the iron binding protein lac- 
toferrin, living cells, other bacteriostatic and anti- 
viral factors from the mother. It may have a role in 
reducing allergies in fully breast fed infants. Success- 
ful breast feeding is immensely satisfying to both 
mothers and babies, and the emotional benefits 
cannot be ignored. It is a long standing government 
health policy to encourage all healthy mothers to 
breast feed their babies. ? 

The incidence of breast feeding in England and 
Wales was 51% in 1975,* 67% in 1980,? and 65% in 
1985.? (Incidence of breast feeding 1s defined as the 
proportion of babies put to the breast even 1f on one 
occasion only.) Half in 1975 and one third in 1980 
and 1985, however, had stopped breast feeding by 
the age of 6 weeks. Many mothers who would like to 
breast feed either never get started properly or stop 
very quickly (12% in one week, and 37% by six 
weeks). Almost 50% of ‘breast feeding’ mothers 
had given bottles of infant formula by the time they 
left hospital and so did not establish full breast 
feeding. Breast feeding rates in the United Kingdom 
are higher in social classes I and II, first babies, and 
in mothers educated beyond the age of 18 years. 
Events around the time of birth—for example, 


caesarean section and postnatal ward practices— 
also influence it.^? 


University College Hospital unit 


The University College Hospital unit 1s a teaching 


" hospital obstetric unit (but not a midwifery training 


school) so that obstetric cases are referred to it for 
specialist care. It includes the North East Thames 
regional neonatal unit. Locally 1t serves an inner city 
area with complex social and housing problems. The 
population is multiethnic and a large proportion do | 
not speak English. Until 1986 there were about 2000 
deliveries a year, but after reorganisation there are 
now over 3000. 

Between 1980-5 the method of feeding by 13 185 
mothers was recorded on discharge from the post- 
natal wards at the hospital. A total of 343 (396) 
mothers were excluded as their method of feeding 
was unknown. The breast feeding rates of 12 842 
mothers whose method of feeding was known 
between 1980-5 is shown in the table. 

During 1980-5 out of a total of 10 597 mothers, 
1676 (16%) had a caesarean section; of these 1309 
(78%) were breast feeding on discharge. (The 1981 
figures were not available.) The usual length of stay 
in hospital after a vaginal delivery was seven days 
for primiparas, 48 hours to seven days for multiparas, 
and 10-14 days after caesarean section. In 1986 
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Table Population of the University College -ospual maternity uni. and breast feeding rates (1980-5) 


M — M M M ——— M € ————— P À—ÀM—ÓÀ € — a aua 





No (*€) from No (%) who were 
eack populatioa breast feeding 
group on discharge 
Total mother: 12 842 (100) 9956 (77) 
Ethnic origin: 
Whute/Evropean 10 524 (82) 8023 (76) 
Afo-Car bbean 723 (6) 654 (90) 
Incian/Pakistan/Bangladesh: 737 (6) 624 (78) 
Ch nese/kapanese 11& (1) 86 (73) 
Otaer 630 (5) 569 (84) 
Social dass (n--10 566*) 
I, H, M xon-manual 5450 (52) 4662 ( 
III manuel, IV, V 3679 (35) 2467 (67) 





*Socal class £gures for 1983 unava lable 


there was a change towardz earlier discherge for all 
mothe-s. A total 1104 (9% >f 12 842) baoies had a 
birth weigh: of 2500 g or les 


Antenatal support for infant fezdinz 


Only =3% of women have decided how tc feed their 
baby by the time they become prepnant.* At 
Univezsity College Hospital the mothers who attend 
classes on infant feeding tend ta be those who have 
decided to breast feed. The antenatal css covers 
the practical aspects of how tc breast fed, what 
problems may arise, who will help, advice on 
appropriate family diet, sokong, alcohel, contra- 
ception, and the basics of bottle feeding and 
weaning. À.] mothers are givn the authors practical 
writter notes ‘How to feed your baby (alsoxranslated 
into Bengal.) at the 28 week antenatal vist or at the 
class and in the postnatal wards. M=thods of 
encouraging breast feeding among those who do not 
attend classss need to be found and evalnated.? 

Marry wcmen are not ready psycholcgically to 
absorb much information about the care oi the baby 
until movements are felt o7 the baby is seen on an 
ultrasound scan. Once the beby is bora feeding 
becomes the focus of coacern! Pastratal care 
conceried with establishirg breast feecing is of 
paramount -mportance to mothers and this time in 
the werd provides a marvellous 5ppor-unity for 
health education and emotz-na. support. 

Befare discharge from the »ostaatal ward, the 
sister from children’s outpa rent department visits 
each mother to give her the zelephore number of the 
children’s outpatient clini and any flow up 
appoin-men-. The communairy midwife is informed 
by teleshon2 of each mother and baby's discharge, 
the mother 15 given a cickarge letter to the 
community midwife, an obs:etric summary is sent to 


her general practitioner, and the method of feeding 
recorced. 


Sound breast feeding practice 


Can zl] mothers breast feed? Most mothers can 
breast feed. At some periods 96% of mothers of 
social class I and 95% of African mothers were 
breast feeding on leaving the hospital. Antenatal 
examitation of the breast is important to exclude 
any pathology. It also allows a woman to voice any 
anxiet es she may have about her breasts and to 
discusz feeding her baby. Inverted nipples can cause 
difficudties ın latching the baby to the breast but I do 
not advise Waller shells; they cause oedema of the 
areola, and there is no evidence that they aid 
protractility, which usually improves towards the 
end of pregnancy. It is very rare indeed for a skilled 
midwize to be unable to fix a baby soon after 
delivery, when the breast is still soft. Many women 
who have had breast surgery can still breast feed. 
Any mother who wishes to breast feed should be 
allowed to try. 

Can all babies be breast fed? Any baby who can 
suck cen be breast fed and milk can be expressed for 
those who cannot. Colostrum varies in amounts 
from a few drops to 45—50 ml or more and a mother 
will praduce milk, however prematurely her baby is 
born. 2oor sucking should always alert staff to the 
oossibiitv of hypoglycaemia or hypothermia, pre- 
maturi;y, or hypotonia so that paediatric advice is 
sought At University College Hospital many babies 
of 346 weeks’ gestation are cared for by their 
mothers in the postnatal ward so that they can breast 
feed more easily. Twins can be breast fed. Offering 
one brzast each ensures that both babies get their 
fair share of fore milk (containing more water and 
proteir) and hind milk (containing more fat) If a 


mother 1s short of milk, she breast feeds one baby at 
one feed and the other one next feed and alternates 
breast and bottle for each baby. 

Mothers are more likely to produce enough milk 
if they breast feed on demand in the initial stages. A 
hungry baby has an active rooting reflex which is lost 
when the baby has fed enough. In practice, if a baby 
has fed on delivery, another feed may not be needed 
for up to six hours. Thereafter, most babies feed at 
intervals of two to four hours, but often increase the 
frequency to 10-12 feeds on the 3rd or 4th day for 24 
hours. But as the milk comes in and the baby begins 
to regain his birth weight, the feeds space out to 
intervals of three to four hours. The frequent 
feeding period is a physiological response of the 
baby to the initial average 5% weight loss and 
ensures that the mother makes enough milk for her 
baby’s individual needs. A mother and the staff 
need to know this, because complement infant 
formula feeds are often offered in the mistaken 
belief that there is insufficient milk. 

How long should a baby suck? There is great 
variability ın sucking times, and little benefit in 
timing sucking. Babies on the breast suck in bursts 
of sucking with light 'flutter' sucking followed by 
long swallowing sucks as the baby gets milk, and 
then pause. The light sucks seem to evoke the milk 
flow reflex, which is a conditioned response to the 
baby’s cry for a feed or to warming of the nipple in 
the baby’s mouth or in a warm bath. 

To encourage breast feeding, babies should be 
beside the mother and should be breast fed by the 
mother at night as well as during the day. Breast fed 
babies should not be given artificial feeds in the 
night. Every milking or suckling stimulus causes a 
rise 1n plasma prolactin necessary for the initiation 
and maintainence of breast feeding ° 

If a baby is hungry, frequent feeds will stimulate 
the breast to produce more milk, whereas unneces- 
sary complement feeds will inhibit this. Night feeds 
will be demanded for six to 10 weeks depending on 
the size of the baby, and nothing 1s to be gained by 
offering drinks of water instead. 


The first feeds 


The first feeds are of vital importance for the 
initiation of lactation and should be started on 
delivery or within the first four hours of birth. 
Delays of 24 hours make a good supply of milk less 
likely.* With help mothers who have undergone a 
caesarean section can breast feed immediately after 
delivery. I find that shortage of milk in later 
lactation or damage to the nipples can often be 
traced back to problems with the first feeds. 
Conversely, if a baby has fed well at this stage, it is a 
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virtual guarantee that the mother will produce 
enough milk, and that even if she has difficulties 
later with full breasts or an unwell baby, she will be 
able to continue breast feeding. 


Latching babies to the breast 


Learning to feed involves calling up a reflex re- 
sponse and initiating a change of behaviour evoked 
by a pattern of stimuli—for example, the shape of 
the nipple and areola. It is the feel of the nipple 
against the palate which makes the baby suck. 
‘Subsequent reinforcement leads to increased eager- 
ness of the baby when put to the breast once it has 
had that experience. If the shape of the breast 
makes this difficult, the successful taking of the 
breast waits on skilled positioning so that the nipple 
goes further into the baby’s mouth." 

Damage to the mpples is prevented by latching 
the baby to the breast properly. The chin must 
drive into the breast to enable the nipple to reach 
the palate, so the baby needs to put its head back 
and up. ‘If the baby’s head becomes too flexed, the 
nipple touches the lower jaw and tongue and the 
nose gets too close to the breast. Helping the chin to 
thrust forward and the head to tilt back is hindered 
by pressure on the back of the head but helped by 
supporting the baby’s back at shoulder level, with 
the baby facing the mother, chest to chest.” Failing 
to position the baby correctly damages the nipple, 
causing a stripe of bruising across it. 

Colostrum provides all the nutrients and water 
that a term baby needs, and has large amounts of 
secretory IgA in it. The practice of saying ‘that the 
milk doesn’t come in until the fourth day’ is to be 
deprecated. It reinforces a mother’s feeling that 
there is nothing there, and leads to offering comple- 
ments or supplements of water, dextrose water, or 
infant formula feeds, all of which are entirely 
unnecessary for a healthy infant. 


Complement feeds of infant formula 


The practice of giving infant formula feeds to breast 
fed babies at night should cease. In the 1980 survey 
of the office of Population, Censuses and Surveys 
(OPCS), 50% of breast fed babies received comple- 
ment feeds.” My experience is that they are very 
rarely needed by term babies. Complement feeds of 
infant formula interfere with breast feeding by: (a) 
reducing suckling, prolactin secretion, and the milk 
supply, (b) reducing suckling, oxytocin secretion, 
and the release of milk; (c) undermining a mother's 
confidence in her ability to produce milk; (d) 
possibly sensitising the infant to cows’ milk protein; 
(e) altering the infant's gut flora: and (f) teaching a 


1284 Lei 


baby bottle sucking ratker than breast sucking 
techniqie. 


Weaning f-om the breast 


Many mothers enjoy breas: feeding thei- babies into 
the secoaz year, and prcvided that weaning foods 
are introduced from ¢ -o 6 months, they can 
continue #0 breast feec as long as they wish. 
Particular attention neecs to be given tosome Asian 
mothers, *o ensure that a»oropriate- foods are 
introduced at 4 to 6 montks because it is -ommon for 
breast feeding to contmme unti 2 years of age 
without supplements of weaning foods. /1tamins A, 
D, and I may be neelsi by both mothers and 
babies. V/eaning from th= breast shculd always be a 
gradual process, a feed a` a time tc avoid leaving the 
breast ove-full, when mestr1s is mor likely to 
develop. A bottle or cup s given instead. 


Common breast feeding dif'icmlties and their 
managemert 


(1) DAMA3Z TO NIPPLES 

Every deczor, midwife, and health visr or looking 
af:er motiers and babies 515u:c be able to deal with 
the conurca problems of treast feeding. Bruising or 
blistering a> the nipple i- always a conszquence of 
misfit between the baby amd areola, sometimes due 
to inexper.enced positioamg of the baby on the 
breast. Healing occurs Ly resting tie nipple, 
expressing milk by electri pump, and -he correct 
positioning ot the baby. 7f milk is not expressed or 
the baby is given infant ;crmula feeds imstead, the 
breasts receive insufficiert simulation ard the milk 
supply is jzopardised. A relin dressing can be 
used to prevent the nippe »ecoming adLerent to a 
breast pad. A fissure of -lc ripple occurring after 
the puerpz-um is often cevsed by thrusa infection 
of the baby^s mouth and the motker’s n pple It 1s 
best treatec with miconazo e gel or nystafin applica- 
tion to bct1 until four daz: aiter it appears to be 
clear. 


(2) INSUFF:CIENT MILK 

The hung-y baby is difficat to ignore. If a baby 
never se-tes after feeds, “Le baby is alwzys crying, 
the feeds :zxe a long tine, with one feed running 
into the next, zhat means tia: the baby is Fungry and 
needs more milk. Weigh fhe »aby. Babes should 
gain 150 ta 20) g per week for -he first 3 months. A 
feed needs to be watched to see if the baby is 
properly or. the breast armi to assess tbe feeding 
situation. If 24 to 48 hours cf frequent breast feeds 
do not increase the milk supply, the baby will need 
complement feeds of infant “ormula milk by bottle. 


A ccmplement feed is one given after the breast and 
the baby should take as much properly mixed 
formula as it wants. Usually 10 minutes a side on the 
breast followed by the bottle is a satisfactory 
comzromise for the mother who wishes to continue 
breast feeding. Any one of the modified infant 
formulas may be used as a complement feed in this 
situacion and soy milk should only be used if there is 
proved milk allergy in the parents or siblings. Many 
babies exhibiting catch up growth—for example, 
‘smal for gestational age  babies'—are often 
particularly hungry, feed frequently, and take large 
feeds. If a mother (and her helper) realise this, she 
can cope with the situation and continue breast 
feeding. 


(3) EFGORGEMENT OF THE BREAST 

This 1s unusual when babies are breast fed on 
demand. There ıs flushing and tenderness of both 
breass, and though there may be fever, in contrast 
to acute mastitis the axillary lymph glands will not 
be swollen. Engorgement seldom lasts more than a 
few hours and is relieved by the baby feeding. 
Expressing some milk (preferably with an electric 
pump) relieves the severe pain but care should be 
taken. not to overdo it. The more milk that 1s taken 
off, the more the breast produces. 


(4) ACUTE MASTITIS 

Acute mastitis occurs more commonly if the nipple 
is damaged. After the puerperium it may be 
assocmted with leaving the breast overfull during 
weaning. Symptoms of influenza, pam in one breast 
with tlushing and induration, and swollen axillary 
gland: are diagnostic. A sample of expressed milk 
should be sent for culture and sensitivity. The most 
common organism 1s Staphylococcus aureus, often 
resistent. to phenoxymethylpenicilin. Therefore 
fluclozacillin or erythromycin are suitable antibio- 
tics ard will not harm the baby. Treatment should 
be commenced immediately. 7t is important that the 
baby should continue to feed from the affected breast 
first: to empty it. Otherwise the infection may spread 
and an abscess form. Massage of the breast is 
contraindicated for fear of spreading the infection. 
If the ilk supply is reduced complement feeds may 
be needed temporanly. But the supply usually in- 
creases again as the infection resolves. Recurrent 
mastits is usually a result of inadequate treatment, 
with either the wrong antibiotic or too low a dose for 
too short a time. Treatment should continue for a 
week. The baby may be a staphylococcus carrier and 
need treatment. 


(5) BRsAST ABSCESS 
A breast abscess may result from neglect or in- 


~ 


appropriate treatment of acute mastitis in lactation. 
The signs of acute mastitis are present, except that 
there is fluctuation of the indurated area Surgical 
incision and suppression of lactation with bromo- 
cryptine is indicated, though the baby may feed 
from the unaffected side to relieve discomfort until 
the milk supply is reduced 


Importance of informed and consistent advice 


Education of medical and midwifery staff is neces- 
sary to avoid the mistakes and misconceptions which 
so often result in conflicting advice. A postnatal 
maternity unit is absolutely dependent upon having 
sufficient experienced midwifery staff. Shortages 
lead to an immediate fall in breast feeding inci- 
dence, and a rise in breast feeding problems. 

At University College Hospital a breast feeding 
clinic is held 1n the children’s outpatient department 
so that babies can be weighed and paediatric advice 
sought. Appointments on a phone in basis are given 
on the same day if possible. 

Breast feeding problems are urgent. Mothers 
refer themselves or are referred by the postnatal or 
paediatric staff, community midwife, health visitor, 
or general practitioner. Breast feeding consultations 
are time consuming because of the need to watch a 
feed through and this may be therapeutic in itself. 
The father of the baby is encouraged to be present. 
Parental relationships are often under stress and 
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need support. The father can help the mother by 
feeding the baby in the night with expressed milk if 
the mother needs extra sleep. A mother may need 
her confidence built up, especially if she has had 
conflicting advice. At the same time a short note to 
the general practitioner or health visitor can help 
avoid this. 

The pleasure of breast feeding her baby success- 
fully is, for many women, one of hfe's most 
rewarding experiences. To enable women to over- 
come problems in doing so is one of mine. 
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Special report 


Vegetarian weaning 


NUTRITION STANDING COMMITTEE OF THE BRITISH PAEDIATRIC ASSOCIATION 


1 Introduction 


1.1 EACKGROUND 

1.1.1 The proportion ot tbe British population 
fcllowing a vegetarian diez :oday may be larger than 
ever before. Immigration, particularly from the 
Indian subcontinent, has in roduced to Britain many 
farml es whe follow vegetarian diets for religious 
and cultural reasons. In adcition widespread interest 
in conservation and envircnmental issu2s, concern 
about food additives, ar attempts to achieve 
pu-pcse in life through comirations of physical and 
spir-tual disciplines have s-amclated enthusiasms for 
vegetariansm among ind genous Britoms. 


1.1.2 WitE many vegetarzan diets the provision of 
adequate nutrition for intents and children is not 
ditficult. Some regimens mey even have health 
benefts for older children and adults zs they are 
usually high in fibre anc low in cholesterol and 
satureted =atty acids. Traditional practices which 
inc_uce well established and successful cietary pat- 
terns provide guidance erd support for families 
trying to achieve adequate and balanced diets on 
macy of these vegetarian r2 zimens. Otherwise some 
nutrit. onal knowledge or diete-ic advice is necessary 
to ensure adequate nutnom over the weaning 
perioc. 


1.1.5 The whole populati»xa is at risk from diets 
which severely restrict the vaciety of foods eaten. 
Weanlings are, however, zt particuler risk because 
of t3e prob ems inherent ir: (1) changing from fluid 
to mized diet; (2) high nmtrient needs for rapid 
growth; and (3) susceptibiity to infection which 
itself may adversely affec: nutrition. 

Where mothers have beea receiving nutritionally 
inadecuate vegetarian diets, breast fed -nfants are 
likely to suffer the same rctritional deficiencies as 
their mothers, particularky vitamin amd mineral 
deficiencies. By the age cf 4 to 6 mon:hs (if not 
before) these deficiencies o? intake nay have 
reached cricical levels. Thus the need fo- excellent 
nutrition at weaning may te zven greater for the 


infants of vegetarian mothers than for the infants of 
those on normal mixed diets. 


1.2 TERMS OF REFERENCE 

The purpose of this paper is to outline vegetarian 
regimens and the hazards associated with them and 
to provide guidelines to the doctors and others 
concerned with advising on weaning diets for 
vegetaran children. 


2 Terms of vegetarian diets 


2.1 Vegetarian is not a specific term. It covers a 
wide varie of diets with very different 
restrictions,” but with partial or complete absten- 
tion from animal foods, eggs, and dairy products. 
Some vegetarian disciplines are outlined below. 


2.2.1 SEMIVEGETARIANS 

These eat some meat (for example, fish and chick- 
en) but not red meat. Often the diet 1s followed for 
personal preference and varies between individuals. 


2.2.2 LACTO-OVO VEGETARIANS 

These eat no meat but eat dairy products and eggs 
Yogic vegetarians are lacto-ovo vegetarians who 
stress the importance of natural and unprocessed 
foods in the diet. 


2.2.3 LACTOVEGETARIANS 
These eat dairy products but neither eggs nor meat. 


2.2.4 TOTAL VEGETARIANS 
These eat no dairy products, no eggs, and no meat 
and thus consume no animal foods. Vegans are a 
group of total vegetarians who are not only united 
by dietary disciplines but by ‘the desire to remember 
man’s responsibilities to the earth and its resources 
and ‘seek to bring about a healthy soil and plant 
kingdam and a proper use of the materials of the 
earth.'^ Vegans accept the need for vitamin B,2 and 
D supplements to their diets. 

Fruitarians follow a total vegetarian diet but also 
exclude cereals and pulses as well as animal 
products.” 
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2.2.5 FOOD ADDITIVE AVOIDANCE 

Those following diets which avoid food additives 
may pursue vegetarian diets in some form and in 
addition may concentrate on so called natural plant 
foods. The diets are often self prescribed and may 
be bizarre. When the natural food is raw unpasteu- 
rised cow, goat, or sheep milk, there is real risk of 
bacterial infection due to contamination of the milk. 


3 Religious and cultural dietary restrictions leading 
to vegetarianism 


There is great variety in the vigour with which 
followers adhere to religious and cultural dietary 
restrictions. The table outlines the restrictions 
affecting the diets of some groups. 


3.1.1 JEWS 

As avoiding pork, fish without fins, shellfish, and 
foods which have not been prepared by kosher 
methods are the only dietary exclusions, Jewish 
diets are neither vegetarian nor particularly likely to 
put weanlings at nutritional risk. Strict orthodox 
Jewish dietary practices, however, define foods 
which can, or cannot be, prepared and eaten 
together Meat and milk, for example, must be 
prepared separately and not eaten after one another 
unless several hours have elapsed. The extra labour 
involved in food preparation may impose stresses on 
the mothers of young children which, together with 
difficulty in some non-Jewish areas of obtaining 
kosher foods, could present problems for weanlings. 
Because of the difficulty ensuring that bought foods 
are correct, some Jewish families adopt lacto-ovo 
vegetarian diets. 


Table Guide to foods avoided by certain religious practices 


Pork Beef Other 
meat 
Religion: 
Jewish* x 
Hindu" x x 
Jam x x x 
Sikh* x 
Muslim* x 
Buddhist x x x 
Bahar 9 9 9 
Seventh Day 
Adventist x x x 
Rastafanan x x x 
Macrobiotic (Zen) X x x 
Hare Krishna x x x 
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3.1.2 HINDUS 
Hindu dietary practices vary according to the branch 
of Hinduism followed and individual strictness of 
adherence. The practice of non-violence against 
living things means that some Hindus eat no animal 
meat or fish Strict Hindus do not eat eggs. Western 
cheese may also be forbidden as it contains animal 
rennet or gelatine. Other Hindus eat meat but 
traditionally avoid the meat of the cow (beef, veal, 
sausages, beef extracts) as the cow is a sacred 
animal, and of the pig because it is considered 
unclean. Milk and ghee are sacred foods and dairy 
products are an important part of the diet. 
Jains are members of a non-Brahminical Hindu 
sect with dietary restrictions similar to those of 
Buddists. They are strict vegetarians and fast 
frequently as well. Many avoid ‘hot’ foods which 
include eggs, fish, tea, honey, brown sugar, lentils, 
carrots, onions as well as the foods most Europeans 
would regard as hot: ginger and chilli. 


3.1.3 MUSLIMS 

Again there 1s tremendous variety both in the 
rigidity of adherence to, and the interpretation of, 
rules by different sects. Pig meat and the blood of all 
animals must be avoided. Animals should be 
slaughtered after the ‘halal’ ritual. Fasting from 
sunnse to sunset occurs during the lunar month of 
Ramadan but young children do not usually fast. 


3.1.4 SIKHS 

Although Sikhs follow a separate religion, their 
dietary customs overlap with those of Hindus and 
Muslims. Some are vegetarians but many eat eggs 
and meat, although animals should be killed with 


Non-scaly Eggs Muk Canned 
fish, foods 
shellfish 
x 
9 
x 
x " 
9 9 ? 
x 
x x ? x 
x x x x 
x X X 


“Dietary restrictions may be greater if foods not prepared in acceptable way 


XFoods generally avoided 


?Denotes considerable vanation within. religion. over consumption of these foods 
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one 5low (khakka). Some eat port but not beef. In 
pracjce their diet is larz?ly meat ree. 


3.1.5 BUDDHISTS 
Buddhists avoid killing any living thing. Strict 
3uddh:sts avoid eggs ami milk. 


3.1.€ The traditional diezs o? Hindus, Sikhs, Mus- 
lims, Bucdhists, particularly for less strict adhe- 
rents, can achieve nutrit.onal adequacy for wean- 
lings fairly easily.? Problems may arise when trying 
to provide an adequate Ci2t -or children in Britain 
due to difficulty in oo:ainng fcods prepared 
accoxding to religious laws and to uncertainty over 
whetier food bought read: made or in jars or tins 
has been handled inappropriately or contains 
forbidden foods.  Corrmercia. infant foods 
which are recognised as correct may be limited to 
tinned frwts which are commonly of lower energy 
censtty then some of the savoury meals and cereal 
products. 

Re igious practices other then dietary restriction 
may mfluence nutrition. Eeting in the home may be 
ty hand and right hand znly—mnot easy for small 
children. Fasting does no: normally involve young 
children bat a mother wa) 15 herself fasting may 
have ittle energy and interest .n preparing meals for 
ber young children. Where meals are traditionally 
only twice a day and ome meal late at night, 
problems may also arise trom the volume of food 
young children have to ccrsume at each meal and 
because the children are t29 tired or too hungry to 
eat. 


3 2. The religious practiczz described above have 
long iradiuons. Customs and recipes have de- 
veloped to avoid some of t1» more likely nutritional 
deficiencies, Dietary practizss develooing in associa- 
tion with more recent rel:zgions and cults may not 
alway: have the same secuse mutritional basis. The 
dietar? regimens associated wrtn some of these are 
outlined. 


3.2.1 3EVENTH DAY ADVENT.STS 

The moral importance of a meatless and stimulant 
free diet is part of the belief of this movement. Tea, 
ccffee chocolate, and mary food flavourings are 
not allowec. Milk 1s accepzeble Tae ürst commer- 
cial brsakfast cereals (cornfak23) evolved from the 
search fcr a tasty acceptable food which fulfilled the 
Adventists’ dietary strictur2:. 


3.2.2 BAHAS 

Vegetarianism is not at present cblizacory on Bahais 
althouzh Bahai writings state that tke diet of the 
future will be fruits and rains. Meny Bahai do 


follcw vegetarian (often total vegetarian) regimens 
now Fasting at specific times is obligatory on Bahais 
between the ages of 15 and 70, although pregnant 
and lactating women are exempt. 


3 2.2 RASTAFARIANS 

The zdvent of this movement in Britain is relatively 
recemt but the concepts on which it is based date 
back to the 17th century.) The extent to which 
followers adhere to particular dietary practices 
varies. Orthodox Rastafarians avoid all animal 
prodocts, eggs, alcohol, salt, and canned foods. 
Diets concentrate on chemical free, organic foods. 
Some Rastafarians drink milk. 

Foods acceptable to strict Rastafarians are foods 
which are ‘total’ or in their natural state: ‘I-tal’ 
foods. Animal foods are dead foods and thus 
unhealthy as are inorganic and chemical foods. 


Tablets and medicines may be included in the latter 


categorv. Strict Rastafarian diets present problems 
for w2anlings as nutritional knowledge and tradition 
are not well established within this community and 
poverty and adherence to expensive West Indian 
foods may restrict the diet excessively. 


3.2.4 ZEN MACROBIOTIC 

Here the Taoist philosphy of contrasting Yin and 
Yang ioods is mixed with strict adherence to organic 
forms and 10 dietary regimens (—3 to +7) of 
increcsingly restrictive stages. All concentrate on 
naturally grown foods. Meat is allowed in the lowest 
stages. With increasing stages foods are gradually 
withdrawn so that in the final stage the diet is 
the most elemental and natural—entirely whole 
grains. White sugar and sugar-containing items are 
avoided. Exotic foods tend to be prominent. Liquids 
are used very sparingly. Macrobiotic foods are 
encouraged for young infants instead of milk but the 
tradit-onal infant formula derived from grains and 
seeds 1s grossly energy deficient and infant nutrition 
may be compromised before tbe weaning age 1s 
reached. 


3.2.5 HARE KRISHNAS 
These are lactovegetarians who again stress natural 
and unprocessed foods. 


3.2.6 These last three relatively recently developed 
dietarz cults, if followed strictly, can lead to major 
nutrittonal problems for weanlings. Unfortunately 
cult fcllowers have often opted out of society and 
out of formal medical practices. Thus dietary help 
and advice from traditional sources—community 
dietician. general practitioner, health visitor—may 
be unacceptable. Nutrition education for group 
leaders may be important. 


4 How to ensure a satisfactory vegetarian diet for 
weanlings 


4.] The basic principles of weaning as outlined in 
Present Day Practice in Infant Feeding? apply to 
vegetarian weaning as much as to weaning on to 
unrestricted diets. 


4.1.1 Weaning diet should occur between 3 and 6 
months in most cases and the introduction of non- 
milk, non-formula foods should be a gradual process. 


4.1.2 Children's vitamin drops (vitamin A, 200 ug; 
vitamin C, 20 mg; vitamin D, 7 ug in five drops) 
should be given daily from 1 month until at least 2 
years. 


4.1.3 Breast milk or infant formula (cow or soy 
protein based) but not unmodified cow milk should 
be continued with the weaning diet in children under 
1 year. 


4.1.4 Growth of weanlings should continue to be 
monitored and plotted on standard centile charts as 
part of health surveillance and mothers advised 
appropriately if growth deviates from the expected. 


4.1.5 Families should be encouraged to seek advice 
on vegetarian weaning diets from community dieti- 
cians, suitably trained health visitors or groups such 
as the Vegan Society (33/35 George Street, Oxford 
OX1 2AY). 


4.2 ENERGY 

At weaning the infant's main need is for a source of 
energy. If the energy intake 1s adequate, protein 
utilisation will be more efficient and essential amino 
acids and nitrogen will be conserved. Without 
adequate energy, amino acids must be metabolised 
to provide essential energy and nitrogen is lost from 
the body. 

Provided infants continue to take about 500 
ml/day of breast milk or infant formula, the needs 
for other protein will be relatively small. The energy 
density of many vegetarian foods is low, however, 
due to low fat and high fibre content. Small infants 
may have difficulty consuming the necessary volume 
of diet to achieve adequate energy intake. This 
situation can usually be avoided by: 


4.2.1 Feeding infants frequently: weanlings should 
be fed at least four times a day. 


4.2.2 Including energy dense weaning foods at each 
meal. Home prepared, but strained or homoge- 
nised, meals are often more energy dense than tins 
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and jars of commercial weaning food. Cereals and 
pulses are usually more energy dense than fruits but 
ripe bananas have 15-20% carbohydrate and avoca- 
dos are rich in fat (22 g/100 g) and thus good sources 
of energy (0-93 MJ (223 kcaly100 g). 


4.2.3 Controlling or increasing the energy density of 
foods by serving cereals as thick, rather than thin, 
porridge and/or adding fats to cereal meals. Fats 
added to cooked cereals prevent them solidifying 
quite so much on cooling. Margarine and peanut 
butter (avoid crunchy peanut butter as this can cause 
inhalation of nut fragments) improve the energy 
density of bread. Oils mixed with flour in prepara- 
tion of traditional breads improve energy density. 


4.2.4 Preventing infants filling themselves with 
juice or milk formula before taking the main part of 
the meal. 


4.3 PROTEIN 
Many vegetable proteins are deficient ın one or 
more essential amino acids. The total protein in 
vegetable foods is also low compared with animal 
protein sources. Legumes have the highest propor- 
tion of protein (over 2096). Soya beans are a very 
rich source achieving about 36% protein. The 
difficulties of achieving adequate protein nutrition 
of weanlings on vegetarian diets can be reduced by 
continuing a moderate intake of breast milk or cows' 
milk or soya protein based formula. A pint—or 
about 500 ml—per day breast milk or formula 
provides a quarter to a third of the year old infant’s 
protein requirements as first class protein. Mixing 
milk or formula intake with vegetable protein foods 
enhances the amino acid composition of the meal 
and improves net protein utilisation.'?? Where 
breast milk intakes have fallen to low levels or 
where mothers wish to stop breast feeding, infants 
should be changed to standard infant formula (not 
cows' milk, which does not have added vitamins and 
iron) or to a totally animal product free soya protein 
isolate infant formula. š 

Not all soy protein infant formulas are free in 
animal fat but appropriate formulas are Formula S 
(Cow and Gate); Prosobee (Mead Johnson) and 
Isomil (Ross-Abbott). Soya formulas suitable for 
adults and obtainable from health food shops are 
not suitable for infants as they do not have added 
methionine, vitamins, and iron. They should not be 
fed to infants. 


Protein needs can be met by:— 

4.3.1 Maintaining moderate intake of breast milk, 
cows' milk based or soy protein isolate based infant 
formula together with vegetable protein foods. 
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4.3.2 Ersuring adequate energy intake so as to 
conserve nitrogen. 


4.3.3 Flerning meals so as to mix complementary 
proteins (examples belcw .!* 


4.3.4 Complementary prctzin foods: 
Dairy products: higa n lysine and isoleucine: 
complement cereals. aats and seeds (avoid nuts 
end seeds except zs very finely powdered 
preparations because 3f the risks of inhalation). 


Legumes (beans, lentls, chick pecs): low in 
trypto»han and sulpha- containing amino acids 
but quite rich in lire complement cereal 
gaw. seeds and potatoes. (Legumes require 
prolcnged soaking emd ccoking and mashing 
before they are diges-ib-e). Tofu, a pressed 
soya bean preparatiom. and soya milk yoghurt 
ave useful in designimg weanling d ets. 


Crains (wheat, oats, sarley, zice, ezc): low in 
ispleucine and lysine: ase with milk, yeast or 
legumes, potatoes, and vez2tables. Grains vary 
ic mino acid composition and mbing grains 
improves net protein iilisaticn. Rice ıs richer 
ui Ivsre than wheat. 5»iked millet (bajra) has 
more balanced essential am-no acids than maize 
(for example) and is rertici'arly rich mn iron and 
ceseir. Oats are the cereal with the most 
adequate amino acid 25atert. AL grains absorb 
water when cooked aid this increases bulk 
waile reducing protein ccncentration. 


Dark green leafy vege tables: these orly contain 
atout 5% protein bic are a good source of 
sulphur containing amino acids (and vitamin 
A1. They complemen legumes. 


4.4 VITAMINS 

4.4.1 Infant formulas (cows mik proteir based or 
soy prcteir based) have ad-Ez] vitamins and iron and 
again should be consumed n preference to cows’ 
milk for all vegetarian :rfants throughout the 
weaning p2-lod. 


4.4.2 As -:ecommended Ly the Department of 
Health and Social Securiry for all children,’ chil- 
dren's vitamin drops (A, C, enc D as above) should 
be given tc vegetarian infact: from usuallr 1 month 
old, and cerzainly from the istroduction 0? weaning 
foods, untl 2 (and preferebly 5) years old. 


4.4.3 The vitamins most likely to be deficient in 
vegetaran diets are By, D, and ribotlavin. Lacto- 
ovo vegeta-Tan diets usually 1ave scfficiert B5, D, 


and riboflavin provided there is a substantial formu- 
la irtake. Intake of vitamin D may be below 
recommended without harm provided there is con- 
siderable exposure to summer sunlight. The main 
source of riboflavin is milk, and eggs and milk are 
both sources of B». 


4.4.4 Vitamin By does not occur in plant products 
(with the exception of uncertain amounts in seaweed 
and fermented soya products). Strict vegans are thus 
theorstically at great risk of Bj? deficiency. In 
pract:ce clinical studies suggest that problems due to 
B; d2ficiency are less common in vegan adults than 
might be expected.’° This argument should not be 
used Io suggest that weanlings on total vegetarian 
diets Jo not need supplementation. Fetal stores of 
B; relate more to maternal B,? intake in pregnancy 
than -o maternal Bj; stores. The infant born to a 
total ;egetarian mother may be born already defi- 
cient in B2. Breast fed infants of total vegetarians 
are aso likely to be receiving B,5 deficient milk. 
Their need for supplementary Bj; at weaning is 
critical. Various oral preparations (Tastex, Barmine 
50 ug B4,7/100 g) are available and these or another 
By. supplement must be used. (Tastex and Barmine 
have sigh sodium content and should not be used 
excessively in infancy). 


4.4.5 Vitamin D deficiency is common in vegetarian 
infants who have had little exposure to summer 
sunligat.!^ Often these are infants born to mothers 
with "vitamin D deficiency. If breast fed, these 
infant: will continue to receive D deficient diets as 
breast milk is always low in vitamin D and its 
relative content of vitamin D reflects maternal 
stores. The fetal state is compounded by postnatal 
deficiency. Vitamin D supplementation is thus 
advisable before weaning and supplementation at 
weanimg becomes essential. In older children sun- 
light exposure should provide sufficient vitamin D to 
meet requirements by skin synthesis.” This cannot 
be relizd on for weanlings particularly where minor- 
ity groap mothers tend to stay indoors keeping their 
young children with them. 

Foods which are naturally good sources of vitamin 
D are iver, oily fish (sardines, herrings, mackerel), 
egg yo k and, to a lesser extent, dairy products with 
a high fat concentration: cheese and cream. All 
infant formulas, many infant cereals and other 
breakfast cereals, and margarines are supplemented 
with vitamin D. Infants on other than total vegeta- 
rian di2ts should be encouraged to use some of the 
animal sources in their diets. The main dietary 
source of vitamin D for weanlings is likely to be 
infant Formula (cows' milk protein or soya protein 
based) and cereals. Margarines supplemented with 


both vitamin A (900 ug retinol/100 g) and D (8 
ug/100 g) should be encouraged. Ovaltine is also a 
good source of vitamin D (31 ug/100 g). Ghee is not 
a good source of vitamin D. 


4.4.6 Excessive vitamin intakes have no confirmed 
health advantages and may be dangerous. Recom- 
mended intakes of supplementary vitamins should 
not be exceeded. 


4.5 MINERALS 
4.5.1 Vegetarian foods may contain a wide variety 
of minerals sometimes present at quite high levels. 
Binding to phytates or other fibre ın the gut or the 
form (for example, Fe*** or Fe**) in which the 
mineral is present inhibit mineral absorption from 
food. The bioavailability of the supplemental iron in 
commercially prepared infant cereals is uncertain.’° 
In general vegetarian children require higher mine- 
ral intakes than children on mixed diets to achieve 
requirements" !? as absorption of minerals from 
plant foods is often less efficient than from animal 
sources. 

Iron and zinc are minerals particularly likely to be 
affected by binding in the gut." 


4.5.2 Egg yolk is a rich source of iron but eggs 
appear to inhibit absorption of non-haem iron eaten 
with them. Vegetable foods with high iron content 
are dark green leafy vegetables, lentils, chick peas, 
peas, molasses, and curry powder (it is not clear how 
efficiently the iron in curry powder is absorbed) 
The phytate content, particularly of the legumes, 
reduces the availability of iron in vegetables. Ascor- 
bic acid-containing fruits and fruit juices may 
increase the availability of iron from vegetable 
foods. Most commercial orange squash (not infant 
preparations) does not contain ascorbic acid. 


4.5.3 Many vegetanan diets are low in zinc and 
calcium. It may be difficult for weanlings to achieve 
adequate calcium intake unless they are maintaining 
reasonable intakes of breast milk or formula.” It is 
essential that vegetarian weanlings receive vitamin 
D supplementation so that the efficiency of calcium 
absorption 1s maximised. 


5 Diets which are more restrictive than just exclud- 
ing animal products 


5.1 It 1s very difficult to achieve nutritional adequ- 
acy for energy, minerals, and certain vitamins in 
weanlings on strict fruitarian, Rastafarian, or mac- 
robiotic diets.? Severe clinical malnutrition has 
been described ın association with the use of such 
diets.?! Z We cannot recommend them. 
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5.2 Elimination diets seem largely unnecessary in 
the weaning age group. Even well designed elimina- 
tion diets are likely to be deficient in calcium.” 
These diets should only be followed after medical 
recommendation and with paediatric dietetic sup- 
port. 


5.3 ‘Additive free’ and ‘organic’ diets cannot be 
recommended without careful paediatric dietetic 
advice and supervision over foods which cannot be 
exchanged or avoided. Their use in the weanling age 
group is again very limited. 


6 Summary: principles of achieving a satisfactory 
weaning diet for vegetarians 


6.1 The basic principles of weaning outlined in 
Present Day Practice in Infant Feeding’ apply to 
weaning vegetarian as well as omnivorous infants. 


6.1.1 Weaning foods should be introduced gradu- 
ally and not later than 6 months of age but not 
normally before 3 months of age. 


6.1.2 Vitamin supplements (A, C, and D) as chil- 
drens’ drops (five drops daily), should be grven to all 
infants at least from the age of weaning, if not 
before, and until 2, and preferably 5, years of age. 


6.1.3 All infants should be weighed regularly as part 
of health surveillance. Weights should be plotted on 
standard centile charts so that intervention can 
occur early if there is inadequate or excessive weight 
gain. 


6.2 A moderately high intake of milk or formula 
should be maintained throughout the first year of 
life. This should be breast milk, cows’ milk based 
infant formula, or soya protem based infant formu- 
la. Breast milk or infant formula provide significant 
protein and calcium and, with formula, vitamins. 
We cannot recommend cows' milk in the first year of 
life. 


6.2.1 Infants should be fed frequently: at least four 
meals a day. 


6.2.2 Diets should contain a variety of foods at each 
meal and different meals should utilise different 
vegetarian foods. Families should plan for each meal 
to contain food from a carbohydrate staple, a 
protein source, and then vitamin and mineral 
sources (food group or food square method).? A 
source of ascorbic acid should be provided at each 
meal to facilitate mineral absorption. 
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6.2.4 The energy densi of foods is important. 
Adding fats to weaning cereals anc other staples will 
improve energy density. 


6.2.5 Avo:d sating appere with iow energy juices 
before the meal. 


6.2.6 Use margarine for iod with vitamins A and 
D rather than butter or zaee as fat source. 


6.3 Total vegetarians re11 re supplementary vita- 
min Bj. This should be rroviced either as propriet- 
ary preparations (Tastex, Barmine) or as an oral 
preparation once weekly. 


6.4 The acvice of community dieacian and/or the 
Vegan Society should be ercouraged particularly for 
those families weaning feir infants onto total 
vegetarian diets. 


6.5 More limiting regimems han to-al vegetarianism 
must be avoided in young childrer. Such regimens 
are likely tc lead to unbalzr ced and grossly inadequ- 
ate diets. Families who 11sist on feeding their 
children on such diets must be prepared to accept 
close supervision of their children and dietary 
supplementation when incizatz. 


6.6 The recommendation: cf the COMA report on 
reducing the total fat in.-he diet and encouraging 
fully skimmed milk,” do nct apply to children under 
5 and coulc be dangerou- 1m weanlings. However, 
the Committee on Medical Aspects cf Food Policy 
Panel on Child Nutriticr has commented that 
"where semi-skimmed mik is in general use ın a 
home there are no strong objections {0 its progres- 
sive introduction from the aze cf 2 years, provided 
the child's overall dietary baiance is adequate. 
Wholly skimmed milk should not be introduced 
before the age of 5 years .? 


We should like to acknowledge Anita MacDcnald, Brenda Clark, 
Sadru Jivam, Jene Thomas, and {4=phen Vickers for their helpful 
advice during preparation of this peper. We are also grateful to 
John Wilkins aad Jim Smellie fort-ping and correcting numerous 
drafts of the manuscript 
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Hazards of analgesia for newborn 
infants 
Sir, 
Over recent months there have been many communications 
exhorting paediatricians and anaesthetists to prescribe 
analgesics for newborn infants.’ ^ Such prescriptions are 
not without risk with problems mainly manifesting as 
respiratory or cardiovascular depression Indeed opiates 
are frequently used to stop an infant struggling against the 
ventilator. Little is known, however, about how preterm 
infants handle opiate analgesics. We therefore undertook a 
study of alfentam! pharmacokinetics in preterm infants 
undergoing paralysis and mechanical ventilation for res- 
piratory distress syndrome. Alfentanil was chosen because 
of its rapid distribution and short half life 1n adults and 
older children. We were concerned that other drugs may 
have such prolonged excretion rates that accumulation 
might occur with repeated doses. For example, among 
preterm infants undergoing surgery for patent ductus 
arteriosus the half life of fentanyl may be prolonged to 
over 17 hours compared with two hours in adults.? There 
are no comparable data for other opiates. Our aim was to 
establish a regune for continuous infusion or safe regular 
bolus dosage 

This study was approved by the local ethical committee. 
The pharmacological data will be reported separately. 
Recordings were made for 20 children, median gestation 
30 weeks (range 25-36), median birth weight 1348 g (range 
690-4084) at <24 hours age (n=10), 25-48 hours (n=5), 
and 49-84 hours (n=5). All children had indwelling 
arterial catheters and continuous direct blood pressure 
monitoring 

The intravenous admunistration over two munutes of 
20 ug/kg alfentanil produced a rapid and significant fall in 
both heart rate and blood pressure (table) Arterial 


oxygenation worsened but there was no change in PaCO; 
or pH. This occurred despite a smaller loading dose than 
the recommended 30—50 ug and slow intravenous injection. 
In the preterm infant fluctuations in blood pressure and 
specifically hypotension have been associated with peri- 
ventricular haemorrhage and periventricular leucomalacia. 
Although the sedative effect of opiates may reduce 
variability of blood pressure,* any hypotensive effect 
remains of great concern. Thus despite calls for the 
administration of opiates to ventilated preterm infants, we 
urge proper evaluation of their pharmacological and 
clinical effects before their use becomes widespread. 
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Table Physiological responses to 20 uglkg alfentanil (n—20). Results expressed as median (range) 


Time Heart rate Mean blood 
(bpm) pressure 
(mm Hg) 
Baseline 153 (127-193) 44-5 (25-55) 
Baseline plus 
2 minutes 153 (129194) 40 5 (30-54) 
3 minutes 151 (134-194) 37-0 (29-51) 
4 minutes 150 (131-193) 35-5 (29-49) 
5 minutes 149 (131-193) 35 0 (29-48) 
6 minutes 150 (130-193) 36-0 (28-47) 
p Value 0-014 <0-0001 


_ RWI Cooke 
Department of Child Health, 
Liverpool Maternity Hospital, 
Oxford Street, 
Liverpool L7 7BN 
PaO; PaCO, pH 
(kPa) (kPa) 
8-0 (4-7-12-9) 5 4 (2-8-9-9) 7-33 (7037-39) 
7-5 (4 4-13-3) 5-6 (4 5-9-2) 7-33 (7 21-7 38) 
0 005 NS NS 


Significances of differences between baseline and 6 minute values tested with paired t test 
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Rearing children 
Sir, 


Your issue of May this rear includes not only Dick 
Smit3e Is enthusiastic review of Child Health in a Changing 
Society! but Walker's disturbing explication of govern- 
ment policy m relation to cŁi d benefits.” There are issues 
here which physicians for -hildren, and irdeed all who 
work ir. the field of child cae, need irst to think through 
and then to speak out about: oniv we aave the professional 
attitude cf disinterested 2encezn about the nation’s 
zhild-en that should enable vs to spell out to the electorate 
where -hex government is takiag us 

Foar things have to be taken into cons:deration: the 
first. that there are both re 1zios ard biological reasons 
ahy we should not even etempt to inter'ere with the 
zreedom to reproduce, the secor.d, that the way in which 
other people's children are rzared will inevitably affect all 
of us as we or our children ll nave to live with them at 
schocl and when they grow 19 Too iigh a »roportion of 
rhe iradequate, the unfit, amd particularly the delinquent 
makes 1t dificult for a society to arzanise itself in a civilised 
way Thirdly, poverty, which ts not all a matter of 
ircome—34t can be a matter of the spirit as well as the 
pocket—makes the task of rzarirg a human child extrem- 
ely diffcult, and fourthly, the sins or tnedequacies of 
parents should not be visited cn their zhildrea. If this 1s all 
unquestionally so, as most o: us would concede, it means 
that ve aave the duty to tell the paolic and the government 
they ave elected that som2 of the latter’s policies are 
likelyan the long run to undermine ou- society and that we 
will therefore need to take preventative action in the short 
run—hat is, now 

Most parents would manzee tetter with more money. 
especally if it were given specifically for the purpose of 
child tearing to their mothers; some familes need the 
constraints of carefully draittec, well publicised, and 
sensitly enforced laws and -egulatrons if they are to 
exercBe their power over ther ckudren res»onsibly. All 
who contemplate taking on the erorm Dus res»onsibility of 
tringing another human beiaz into tae word under the 
urge cf biological imperatives should rave been educated 
in whet that will involve for tFem-—and the chzdren. Those 
inclined to abuse their child-en should know that this 1s 
unacceptable and will almost inevitably lead to their being 
beld +o account in some wey. Those whc have been 
improvident should be constramed in some other way than 
through their children’s welfere into using their resources 
more wisely. And all of us should be persuaded that 171s in 
our interests as well as a moval duty to do our best to 
improve the soul destroying environments in which so 
many Df our children are brought 5: ‘d-agged up’. Perhaps 
burying cigarettes with mone~ thet should gc on food or 
locking children up for a visit to a disco or pub are just the 
ways n which some parents, «ith very little 13 the way of 
inner resources, manage to Lees going in the face of 
poverty, hopelessness, suppres:ed anxiety and a way of life 
that o-fers ro joy, no security and little satisfaction—no 
‘love’ 2r ‘work’, as Freud put it when defining matunty. 

If we do not, to some extemt, regard ourselves as our 
brothers” children’s keepers r tkeir childhood, we shall 


have to contain them when they grow up. What a good 
society offers is a framework in which it 15 possible for all of 
us to give of our best in the ordinary affairs of life and for 
all of us to have at least the opportunity to make the best 
and the most of it; and in this context we should not forget 
the children of the rich, if their parents end up giving them 
precious stones, when they ask for the bread that signifies 
manifest love, in the struggle to get the largest possible 
share of the wealth that work creates. 
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Use of growth hormone 


Sir, 

We feel it is important to draw the attention of 
paediztricians in the United Kingdom to the following 
statement recently issued by the European Society for 
Paediatric Endocrinology regarding the therapeutic use of 
human growth hormone. According to the third listed 
recommendation, a mechanism to establish a national 
register of treated children in this country is to be 
implemented 

In 1934 the European Society for Paediatnc En- 
docrinology established a working party to consider the 
various :mplications of increasing availability of human 
growth hormone produced by recombinant DNA tech- 
nology The same working party was also concerned with 
coordinating information, within Europe, when pituitary 
growth bormone was withdrawn ın an increasing number 
of countries after the occurrence of Creutzfeldt-Jakob 
disease 1n several patients from the United States, United 
Kingdom, and New Zealand previously treated with this 
product. 

There are now a number of human growth hormone 
products either licensed or undergoing clinical trial and 
there is every likelihood of rapidly increasing supplies over 
the next few years. The value of human growth hormone in 
the treatment of short stature due to classical growth 
hormone deficiency is incontestable, as for pituitary 
growth hormone, but its role in management of other 
indications 1s still far from certain. Among the latter the 
most important could include Turners syndrome, non- 
endocrine short stature, and children of low birth weight 
Even in classical growth bormone deficiency there are still 
many uncertainties concerning diagnosis and optimal 
human growth hormone treatment regimen. 

With these difficulties in mind, the working party has 
made the following recommendations’ 

(1) Until the remaining problems with treatment of 
classical growth hormone deficiency are resolved, 


^4 


prescription of human growth hormone, even for 
this 1ndication, should be controlled by those 
practitioners experienced in paediatric endo- 
crinology 

(2) The treatment of patients with other indications 
should be restncted to carefully designed 
protocols, within academic units experienced in 
such research. 

(3) In order to allow long term surveillance of all 
patients treated with human growth hormone it ıs 
desirable that a mechanism to identify all such 
recipients be set in place such that they will be 
identifiable in a national register for the for- 
seeable future 


I A HUGHES 

Secretary, 

European Society for Paediatric 
Endocrinology, Department of 
Child Health, University of 
Wales College of Medicine, 
Heath Park, 

Cardiff 


M A PREECE 

Convenor of Working Party, 

Department of Growth and Development, 
Institute of Child Health, 

Guilford Street, 

London 


Inequalities in child health 


Sir, 


We turned with excitement to Michael Wadsworth's 
annotation! having awaited a response in the BPA’s 
Journal to the recent reports which have highlighted the 
dramatic differences in children’s health across the social 
classes and the increasing severity of child poverty in the 
United Kingdom ^ We were impressed with the evidence 
of the wide range of measures of health in childhood 
related to social background that have long term implica- 
tions. We were disappointed, however, not to find 
guidance for paediatricians on the causes of the 1nequali- 
ties and on tbe action we should take individually and as an 
organisation to redress them. 

It will be tmportant to provide accurate evidence of 
demographic changes 1n child health, particularly as they 
affect child nutrition and growth so that the effects of 
interventions can be evaluated But surely paediatricians 
should also look to their response to inequalities now. We 
suggest that though action should be political and the BPA 
should make its views clear to government, this is not 
enough We must respond through the health service by 
analysing: 

© The structure of our service—is it accessible and 
meeting people’s needs? Do we collaborate suffi- 
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ciently with other disciplines and offer training to 
primary care teams? 


@ The content of service delivery—are we emphasis- 
ing prevention sufficiently, and do we work with 
deprived communities to meet their needs for 
health care? 


@ The outcome—do we attempt to measure the effect 
of our services on deprived populations and pro- 
vide feedback to those who collect the data? 


It would be tragic if the 1980s pass without paediatricians 
as a group making a concerted response to child poverty 
and health inequality. 
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Phototherapy and the use of 
heat shields 


Sir, 


We read with interest the study of Dr Stutchfield and 
colleagues on the reduction of irradiance which occurs 
when heat shields are used.' In our own unit we had 
observed the apparently poor response to phototherapy of 
infants being nursed under transparent thermal blankets 
(‘plastic bubble blanket’), and we therefore carried out 
measurements of the optical transmission characteristics of 
three types of bubble plastic including one in regular 
clinical use. 

The measurements were made using a Perkin-Elmer 330 
spectrophotometer in combination with an integrating 
sphere. In the wavelength range 350—700 nm we measured 
directly transmitted. light, scattered transmitted light, 
absorbed light, and reflected light The total light trans- 
mitted varied from 71% at 350 nm to 77% at 700 nm At 
450 nm, an effective wavelength for the photocatabolism of 
buirubin, 74% of the light was transmitted, 26% being lost 
by absorption or reflection. This reduction in transmitted 
light 1s more than twice that reported by Stutchfield et al. 
Possibly, differences ın our respective samples could 
account for this, although it should be borne in mind 
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that our measurements were obtained. under closed cell 
conditions in which there v 25s no possibility of contamina- 
ücn by daylight entering a: tae Llanket'5 edge Our 
measurements also showec that of the 74% of light 
transmicttec by our samples, epprcximately 46% was 
scattered light which, due to its angle of incidence with the 
irfant's skin, would be les effective than that normally 
incident at 3) degrees. Our frdings lead us to concur with 
Dr Stutchfeld and colleagaz: thet thermal blankets will 
significantl« reduce the efective irradiance of a photo- 
therapy sonrce 

Comnercial phototherapy units vary widely in their 
outputs in the 420-480 nm ~enge. and these outputs are 
generally s.beptimal.! ^ Mery cf these older phototherapy 
unts are stll in use We sigzzst tae use of more modern 
light sources. which do reliztly azhieve the recommended 
minimum irrediance of 1 x Wi/cm?, togetker with the 
zvoidance of bubble pla:tc and other heat shields. 
whenever bilirubin concea rations are approaching 
exchange transfusion levels x ery low birthweight babies. 
Heat and evaporative losses zar be reduced instead by 
humidificat:on.? 
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Diarrhoea due to b-zast milk: case of 
fucose intolerance? 


Sir, 

We read wita interest the re25-t ty Barfoot er al. Firstly, 
we would question whether fwe watery stool: a day in a 
normally growing breast fex baby is abnormal. If the 
pressure from the parents to cc something was so great 
that a formula change was n2-esszry, Loweve-, we accept 
that Pregest mil, and subsequently SMA, at least bene- 
fited the pazents. 

Secondly, the authors recomend taat ‘sugar chroma- 
tography shculd be carried cct on the stools cf all infants 
witt unexplained diarrhoea before changes are made in the 
diet.” We suggest this is impracticeble, for tre following 
reasons The stool obtained rust te liquid, end must be 
frozen within 15 minutes >? leaving the rectum; this 


presents difficulties within a routine clinical setting, such as 
a district general hospital in England. In addition, the test 
may 10t be available at all centres. If the suggestion were 
followed to the letter, even the best organised laboratory 
would Ee inundated with tests. 

It s true that in the patient described, using only the 
result o2 a test for stool reducing substances (Clinitest 
table's) could have resulted in the mistaken diagnosis of 
lactose intolerance The appropriate lesson from this 
report 1s that the diagnosis of lactose intolerance in a breast 
fed biby should not be accepted without question It is of 
physi3logical interest that loose stools in breast fed babies 
may be due to oligosaccharides and their breakdown 
products, but the stool consistency tends to improve with 
time, and should not in general be taken as an indication to 
stop reast feeding 
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Diarrhoea due to breast milk: case of 
fucose intolerance 


Sir, 
I was interested to read the case report from Barfoot et al 
on fucose as a possible cause of diarrhoea in a breast fed 
baby The authors finish by saying "This type of intolerance 
to human milk is rare, and we could find no previously 
publisted reports’. Just 10 years ago in the same journal 
Whyte et al published a short report on exactly the same 
finding? They went further than the current authors in 
identifving oligosacchandes including particularly fucosyl 
lactose in the stools of 85% of healthy breast fed infants 
Barfzot ef al offer no supportive evidence for their 
conten-ion that their finding represents intolerance. It 1s 
commcn for healthy breast fed babies to have loose stools, 
and fivz a day is not that rare. As this baby was said to be 
gaining weight satisfactorily it could be argued that they 
did this baby a disservice by changing her to artificial feeds. 
Perhaps if they had read Whyte's paper this baby's mother 
would nave been allowed to continue breast feeding and 
the effort involved in publishing their report avoided. 
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Drs McEnery and Seakins comment: 


Certainly, healthy breast fed babies may have frequent 
loose stools. While it is difficult to define pathological 
diarrhoea, this infant’s diarrhoea was sufficient to get him 
admitted to hospital despite the adequate weight gain 
Both the mother and experienced ward staff felt that the 
infant’s diarrhoea was excessive, despite my attempts to 
reassure them. Reducing substances were identified m the 
stools repeatedly, at a concentration of 1% The diarrhoea 
immediately resolved on changing to a succession of two 
other milks (Pregestimil and SMA), and has never 
returned since. If the baby had continued to be breast fed 
we do not know whether he would have thrived ade- 
quately. His mother declined my suggestion to resume 
breast feeding. In these circumstances, I believe, it is 
reasonable to assume that the milk oligosacchandes were 
responsible for the troublesome diarrhoea (associated with 
perianal soreness) and that he benefited by the change of 
milk 

Our observations do not contradict those of Whyte 
et al but underline the importance of diet in the interpreta- 
tion of analytical findings and of collecting samples before 
dietary or other therapeutic manipulations 


*. . . Officiously to keep alive’ 

Sir, 

It is good to read articles such as those by Dr Walker and 
Professor Campbell, which are trying to achieve an 
appropriate ethical stance 1n the intensive care of newborn 
infants.’ * I would entirely agree with Dr Walker that the 
patient should be treated as a person, the burden being the 
treatment and not the child. It 1s poor clinical judgment to 
continue with onerous and unrewarding treatment. Yet we 
must also beware of the denial mechanism by which 
parents and professionals can collude both in giving up too 
soon or going on too long. A study of perinatal psychology 
needs to be brought into the ethical debate too. 

I also wonder whether it is a correct deduction on 
Professor Campbell's part to suggest that the 1ncidence of 
stillbirth associated with spina bifida dropped in the early 
1960s only because of the introduction of a more optimistic 
surgical approach. This could also have correlated with the 
advent of neonatal resuscitation It 1s hard for us to realise 
now that intubation and ventilation of infants was, at that 
time, a new skill in the labour ward. We need not paint 
ourselves blacker than we werel 
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Withdrawal of iodinated disinfectants 
at delivery decreases the recall rate at 
neonatal screening for congenital 
hypothyroidism 


Sir, 


We recently reported transiently raised serum concentra- 
tions of thyroid stimulating hormone during early postnatal 
life in infants born to mothers whose skin had been 
disinfected with povidone-iodine (PVP-I) at delivery for 
epidural anaesthesia or caesarean section.! This transient 
impairment of the thyroid function was particularly severe 
in breast fed infants with a 25 fold increase in the recall rate 
at neonatal screening for congenital hypothyroidism, and 
was attributed to iodine overload due to the appreciably 
raised iodine content of breast milk in women treated with 
PVP-I ? 

Therefore, PVP-I was replaced in obstetrics by a non- 
iodinated skin disinfectant (chlorhexidine 0-576 ın isopro- 
panolol 70% (CHL)). We compared the frequency 
distributions of serum thyroid stimulating hormone 
concentrations at the time of screening in our whole 
population of healthy breast or bottle fed full term infants, 
before (n=4745) and during six months after (n=1178) 
replacement of PVP-I by CHL. We considered separately 
infants born to mothers without (group 1) or with (group 2) 
skin disinfection. The table shows that the replacement of 
PVP-I by CHL entirely abolishes the differences between 
groups 1 and 2 m. (a) the frequency distributions of 
neonatal thyroid stimulating hormone concentrations and 
(b) the recall rate at neonatal screening under suspicion of 
congenital hypothyroidism (serum thyroid stimulating 
hormone concentration >50 mU/l) after the type of 
feeding (levels of significance as compared with group 1: 
p<0-01). Except for the type of skin disinfectant used in 
the mothers, the two newborn populations studied 
presented with identical epidemiological characteristics; 
consequently, our observations further support the view 
that iodine overload and transient subclinical hypo- 
thyroidism in breast fed infants resulted from the use of 
PVP-I in the mothers. 

In conclusion, 10dine overload 1s a significant and often 
unrecognised cause of very transient hyperthyrotropinaemia 
(‘false positive’) at screening * Therefore, PVP-I should be 
carefully avoided in the neonatal period whenever possible, 
especially in areas like Belgium where, because of a rather 
low iodine supply in the population,” the newborns are 
particularly sensitrve to the antithyroid effects of iodine 
excess. 
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Table Comparison of poviccne-iodine (PV?-I) with chlorhexidine in isopropanolol (CHL) for skin disinfection 








Frequenz, “h, of seum chyroid sumulating hormone % Of serum thyroid stimulating 
concentragcn. hormone concentration 
(mU) 2350 mUH {recall} 
«I0 10-30 230 (recall) Breast fed Bottle fed 
PVF-I 
Group 1 97-2 2°. “Ol 0-1 00 
Group 2 79 9* 17 © 2:5* 347 05 
CHL 
Group 1 94-4 5€ 00 0-0 0-0 
Greup 2 94-0 5^7 0-3 0-3 00 
*p<)-02. 
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We chenk P-ofessor ED Alderman, Dr JMH Buckler, and Professor JO Forfar who have completed their 
periods of office as members of zhe Edito-ial Committee, for their conscientious and meticulous work for 
the Journal. 

We welcome the followirg as new members of the Editorial Committee. Professor JK Lloyd, Nuffield 
Professor of Caild Health az the Institute of Child Health, London, and President of the British Paediatric 
Assccietion; Dr IA Hughes Feader in Paediatric Endocrinology in Cardiff: Professor POD Pharoah, 
Epidemiclogist of the Universit” of Liverpool; and Dr L Polnay, Senior Lecturer in Community Paediatrics 
at tte University of Nottinghem. 

Dr Michael Silverman, wEo has been + member of the Editorial Committee for two years, has been 
appainted Associate Editor. Eleven years ago, he was appointed Senior Lecturer and more recently has 
been Reade- at the Royal 25stgraduate Medical School, Hammersmith Hospital, London. He has been 
convenor of the Respiratory Group of the British Paediatric Association. His extensive research of the 
physiology end pathology cf respiratory disease has included both preterm infants and older children. 
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Book reviews 


The Genetics of Renal Tract Disorders. By 
M d'A Crawfurd Pp 663: £65-00 hardback 
Oxford University Press, 1988. ISBN 0-19- 
261147-X 


A single author text which provides a 
comprehensive review of a difficult subject 
is a rare find. The author is a senior clinical 
scientific officer and consultant clinical 
geneticist at Northwick Park Hospital and 
has brought together a wealth of informa- 
tion in a unique contnbution to the litera- 
ture 

In order to cater for clinicians, patho- 
logists, and genetics staff there are intro- 
ductory chapters on basic genetics and 
the structure and function of the renal 
tract. Other chapters provide extensive 
information on the genetics of both prim- 
ary renal and urinary tract problems as well 
as detailing the renal involvement in a 
variety of uncommon syndromes and in- 
hented metabolic diseases. There 1s a 
tendency to catalogue rather than synthe- 
sise the information but the text 1s exten- 
sively referenced and on some subjects 
there is more information than is available 
in specialist renal textbooks. The slight 
paucity of illustrations will not deter those 
who will use the text as a reference source 
The book is sufficiently up to date to 
mention the recent advances with gene 


. probes for conditions such as adult polycys- 


tic kidney disease, but those who require 
guidance on the implications of the ‘new 
genetics’ will have to turn to more recent 
review articles. 

This book will remain a reference source 
for a long time to come and its cost will 
ensure that it will find its way onto many 
bookshelves including those of paediatric 
departments. 


A R WATSON 


Basic Adolescent Psychiatry. By D Stein- 
berg Pp 279. £25 hardback, £14-95 
paperback Blackwells Scientific. Publica- 
tions, 1987 ISBN 0-632-01824-0 


This book covers the classical psychiatry of 
adolescence in a competent and authorita- 
tive manner After sections on classifica- 
tion and assessment the main psychiatric 
disorders of this age group are described 


clearly and well, and there is a final chapter 
on general principles of management. The 
author 1s an experienced psychiatrist who 
writes from a good knowledge of the 
hterature as well as from practical experi- 
ence 

It i5 therefore something of a disappoint- 
ment to realise that the book will probably 
not be found particularly useful by 
paediatncians dealing with adolescents 
with psychosoctal aspects to their illnesses 
There is a brief chapter on physical and 
psychosomatic problems, but it 1s sketchy 
and somewhat out of balance To dedicate 
just a few lines each to common problems 
such as obesity and uncontrolled diabetes, 
but half a page to Addison-Schilders dis- 
ease seems eccentric There are some 
important omissions: in particular, there 1s 
virtually no discussion of the ways ın which 
adolescent psychiatry can be integrated 
into adolescent medicine. It 1s unfortunate 
that the psychiatry of adolescence has 
become so separated from adolescent 
medicine for psychiatrists do, I believe, 
have much to contribute to an understand- 
ing of chronic disorders suffered by 
teenagers, 


P J GRAHAM 


Your Child Needs Yon: A Positive 
Approach To Down’s Syndrome. By Joyce 
Mepsted. Pp 96: £5-96 paperback North- 
cote House, 1988 ISBN 0-7463-0511-7 


This book by Joyce Mepsted, a special 
needs teacher, aims to provide information 
and positive and encouraging support for 
parents of children with Down’s syndrome. 
After a foreword by Rex Brinkworth and a 
short introduction there are five main 
chapters, covering the stages from birth 
through to leaving school Each chapter 
has a somewhat emotional title 1, Fear 
and Prejudice; 2, Tears and Smiles; 3, 
Exploding the Myth, 4, The Door of 
Opportunity, and 5, The Ultimate Respon- 
sibuity There are clear subheadings to 
each section and at the end of the first four 
chapters there 1s a detailed check lst 
covering the developmental steps of that 
age period, resources, useful activities, and 
a few other general notes of advice 
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Mrs Mepsted often does not stay within 
this clear framework, however, and the 
text of the first two chapters particularly 
strays from the intended subject matter 
and becomes both repetitive and con- 
fusing. In part I think this is the result of 
her rather determinedly chatty style. Very 
‘positively helpful’ advice can become posi- 
tively cloying in nature, while ın contrast 
some of the descnptions of problems are 
unnecessarily disheartening The picture of 
a floppy, snuffly, semipermanently deaf 
baby with an enlarged and thickened 
tongue would most certainly fulfil the very 
fears and prejudices she is trying to avoid 
There is insufficient advice about treat- 
ment and none about sometimes severe but 
correctable vision defects. 

These cnticisms certainly do not apply to 
the third chapter on starting school Here 
the author ıs on firmer ground and gives a 
clear account of the range of provisions 
available under the 1981 Education Act 
and the procedures involved in statement- 
ing, but she does not specify the statutory 
ages when this can be requested In the 
preceding chapter, clearer and more up to 
date details of financial allowances would 
be helpful. 

The later sections provide useful but 
rather surprisingly muted advice about the 
prospects open to school leavers In the 
United Kingdom of Mrs Thatcher ın the 
late 1980s, however, perhaps it 1s best not 
to look further than the traditional adult 
centre or sheltered workshop for these 
young people, as even the most able of us 
may never obtain full employment. 


B EDWARDS 


Raising a Handicapped Child. By C 
Thompson Pp 273. $7 95 paperback Bal- 
lantine Books, 1986 ISBN 0-345—34819—2 


This book is designed to provide both 
advice and support for parents of handicap- 
ped children. It has been wntten with care 
and great sensitivity by an experienced 
paediatrician who is the director of the 
Center for Handicapped Children and 
Teenagers in San Francisco. Topics co- 
vered by the book include. the grieving 
process, dealing with family and friends, 
obtaining social and professional help, 
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siblings, adclescence, therapy and madia- 
tions, progressive discrders, and deeth. 
The autho- has adapted a pcstve 
approach chroughost and this is remtxced. 
hy the chapters on “ow to help your child 
End some fun in life’ and ‘Success stcr ev. 

Unfortunately, I do not think the tcok 
crosses the Atlantc well enough x be 


zenerally recommended for parents in the 
Urited Kingdom They would encounter 
some diffculties with terminolozy (shower 
partes), and major differences in both 
=oncests : professional counselling. choos- 
ng a physcian) and resources (71% of the 
>00k covers United States facili -es for the 
nandicapped while the 1281 Education act 


is, of course, not covered). There is much 
in the book to be admired, however, and I 
think that paediatricians in the early stages 
of their careers would benefit from the 
insights it offers into the problems faced by 
the handicapped and their parents 


N J WILD 
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Annotations 


Diagnosis of tuberous sclerosis 


Tuberous sclerosis was first clearly documented in 
1880 by Bourneville (hence Bourneville's disease or 
epiloia) who described the typical pathological 
features—areas of sclerosis and other areas of tuber 
like growths at postmortem examination—in 
patients with mental retardation and fits.! For years 
the disease was only suspected in those suffering 
from mental retardation and fits but it is now known 
to occur in individuals of normal intelligence both 
with or without fits. The classic paper by Bundey 
and Evans brought this to attention by confirming 
that the disease is dominantly inherited often from 
unsuspecting parents who nevertheless have signs of 
the disease.* The incidence was thought to be one in 
100 000 but the best estimate? has been recently 
updated (R H Lindenbaum, personal communica- 
tion) to suggest one in 10 000. Mental retardation 1s 
thought to affect 5096 of individuals with fits 
occurring in about 80%. 


Clinical manifestations 


The disease is now known to cause a plethora of 
abnormalities in a variety of organs.* 


SKIN 

The classic white patches are ash leaf in shape: these 
are often only seen in a dark room with an 
ultraviolet lamp and are the most common early 
sign.* Unfortunately 2-3 per 1000 of apparently 
normal newborn babies also show these patches. 
Depigmented lesions may affect the hair, eyebrows, 
eyelashes, or even iris. The facial lesions. are 
histologically angiofibromas, not adenoma sebaceum 
as at first thought. Angiofibromas affect the cheeks, 
nasal folds, and chin but often spare the upper lip: 
they are rarely present before 2 years of age and 
may not occur until after puberty, if at all The 
forehead fibrous plaque (a smooth patch of slightly 
raised skin with a reddish discolouration) i is common 
and can be the first sign of the disease.° Shagreen 


“A hand held ultraviolet light costing approximately £12 1s 
available from the secretary of the Tuberous Sclerosis Association, 
Mrs Janet Medcalf, Little Barnsley Farm, Catshull, Bromsgrove, 
Worcester B61 ONQ, from whom an illustrated medical leaflet will 
soon be available 


patches usually occur from puberty and are leathery 
discoloured patches predominantly on the trunk, 
often in the lumbar region. Cafe-au- lait patches are 
not a sign of tuberous sclerosis.’ Fibromas most 
often affect the nails of both hands and feet, causing 
deep groves, but can also occur in the gums around 
the teeth. The teeth can also be pitted $ 


NEUROLOGY 

Fits are the most common presenting symptom and 
most often begin in the first year of life. They can be 
partial (focal) or generalised tonic-clonic but are 
frequently infantile spasms where up to 20% of 
cases are due to tuberous sclerosis.” Mental retarda- 
tion is extremely rare without fits and usually 
becomes apparent in the first year of life. The fits 
are often resistant to treatment but control should 
be attempted. 

The intracranial lesions are astrocytomas on 
histological examination and are usually benign, 
often calcifying. They characteristically line the 
lateral walls of the lateral ventricles but they can be 
found in the cerebrum and cerebellum, normally in 
association with more typically sited lesions 
Obstruction at the foramen of Monro can cause 
hydrocephalus. Infrequently malignant giant cell 
astrocytomas occur: these are thought to enhance 
with contrast injection on computed tomography.’ 
The incidence of intracranial lesions is high even in 
asymptomatic patients and the advent of cranial 
computed tomography allowed easier early 
diagnosis in those presenting with fits. Not all 
paraventricular calcification is due to tuberous 
sclerosis but the multiple discreet nodular areas of 
calcification are fortunately fairly typical. A very 
early scan (the first six months of life especially) is 
not always reliable and may need to be repeated: up 
to 10% are normal initially. Transfontanellar cramal 
ultrasound scanning can be helpful even showing 
signs before they are visible on a computed 
tomogram,” but the reliability of this test is not yet 
certain The place for scanning by nuclear magnetic 
resonance ıs not yet established but the 
demyelinated areas would be expected to show up 
more often: they are not, however, diagnostic but 
might perhaps relate to the severity of retardation. 

Mental retardation is often severe with no verbal 
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communication and app»ecisble autistc features 
making caring difficult. By edclasc2nce there can be 
a clear cut improvement ia the auzisdc features but 
behaviour disturbance in a fully grown mobile but 
non-commaunicating youre zdult with tuberous 
sclerosis can be the bigzest problem for many 
parents. 


EYES 

Retinal phakoma are astrccviomas and are most 
easily seen when they calci'y, appearing like great 
white tumcurs in any part 5f the retina They are 
therefore best looked for in dilated eyes, preferably 
bv indirect ophthalmoscopy- they can be mistaken 
for retinoblastoma in young children, anc when this 
diagnosis is considered the zaild should be examined 
fcr other signs of tuberocs sclerosis to prevent 
unnecessary enucleation. I: s extremely uncommon 
to find retiral phakomas as. tae cnly sign cf tuberous 
sclerosis. 


HEART 

The disease can also cause zarciac rhabdcmyomata, 
which are now known to b» much more common 
than previously thought. They are visible on 
echocardiography but are more easily seen in 
children than adults both fcr techricel reasons and 
because they can reduce im size with age. Overt 
arrhythmias are uncommcr, Dat the rizabdomyo- 
mata can ceuse cardiac faili-e in infancy. It is quite 
possible that all cases of card ac rha»domyomata are 
due to tubzrous sclerosis but this has yet to be 
demonstrated 


KIDNEY 

Renal cysts (bilateral) can zause infantile polycystic 
disease. Angiomyolipomas elso occur in the kidney 
more ofter in adults ther in childrer. When 
multiple they are diagnostic. Renal failure is rare 
and usually due to cysts. 


BONES 

Bony changes include cysts periosteal rew bone, 
and areas of sclerosis, but they are rarely 
symptomatiz.'* They are wsaally found 13 those in 
whom the diagnosis 1s obv-ous clinically. 


Diagnosis 


Making the diagnosis of tCberous sclerosis in an 
individual is therefore deperdant on careul clinical 
evaluation (angiofibromas aad vngaal fib-omas are 
probably diagnostic) includimg ultreviolet light with 
special investigations (cranial computed tomo- 
graphy, indirect ophthalmoscopy. and less fre- 
quently renal ultrasound enc ecaocaraography) 


Table Diagnostic features of tuberous sclerosis* 
Definite-2 diagnosis Presumptive diagnosis 
(primary features— (secondary features— 
only ons required) two required) 
Classice] shagreen patches Hypomelanotic macules 
Ungual ribroma Gingival fibromas 
Retinal Lamartomata Bilateral polycystic kidneys 
Facial engiofibromas Cardiac rhabdomyoma 
Subepeadymal ghal nodules Cortical tuber (histological) 
(on camputed tomography) Radiographic ‘honeycomb’ 
Renal angiomyolipomata lungs 
Infantile spasms 
Myoclonic, tonic or atonic 
seizures 


First degree relative with 
tuberous sclerosis 

Forehead fibrous plaque 

Giant cell astrocytoma 


“Modified from Gomez." This : for guidance only, clinical 
judgment 1s still often required 


when necessary. Gomez produced diagnostic 
critena, which require modification (table): these 
are supposed to be a helpful guide not a rigid hist of 
rules. Rarely, for instance, an obligate carrier has 
only & 'secondary' sign, such as white patches, 
whereas the presence of white patches in a young 
child with fits does not guarantee tuberous sclerosis: 
confirmation, often by a cranial computed tomo- 
gram would be wise. 


Genetics 


With the discovery in 1987 that the gene for 
tubercns sclerosis is on chromosome 9,’° linked to 
the gee locus for the ABO blood group, tuberous 
sclerosis could be said to have come of age. The 
gene was provisionally assigned to 9q34 at the eighth 
international conference on human gene mapping 
but ths has not been confirmed by studies in the 
Unitec States of America where heterogeneity was 
suggested!ó; however, no clinical evidence for this 
has ye: been found. The variability of expression of 
the disease can be extreme but often occurs within a 
family the variability affecting all clinical features. 
Linkage has now been shown to a DNA poly- 
morphisth detected by v-abl’’ and an antenatal 
diagnosis performed using this marker. More 
recent data suggest that this is not a sufficiently close 
marke- for reliable antenatal detection,’ but the 
evidenze from the United Kingdom still suggests 
that the tuberous sclerosis gene locus is on chromo- 
some 9 at q34. With the discovery of more tightly 
linked markers, antenatal diagnosis will become a 
reality Blood should be stored now for later 
analysis from any relevant family member, affected 


^ 


or unaffected, who is likely to die, and where 
antenatal diagnosis may later be required. 

Familial cases are the minority and up to 80% of 
cases are new mutations occurring to normal parents. 
What investigations are required to exclude the 
diagnosis in parents? Clearly a detaded dermato- 
logical examination, including ultraviolet light 
examination, is essential as is ophthalmic examina- 
tion which is non-invasive. Sporadic reports suggest 
that cranial computed tomography may pick up 
further cases” ?! but even nuclear magnetic reson- 
ance imaging and other detailed investigation may 
fail to detect any evidence of disease in apparent 
obligate carriers.” This may represent germinal 
mosaicism rather than incomplete penetrance. The 
risk of recurrence of 1-2% in those normal on full 
investigation is probably much the same as for those 
normal on skin and eye examination only, but it 1s 
still perhaps wise to request cranial computed 
tomography. 

Siblings of apparently isolated cases should be 
encouraged to have skin and eye examinations 
before being told that there is no recurrence risk 
because their parents are normal. Occasionally the 
only sign of disease is a fibroma of the nail. A single 
ash leaf patch probably remains the mostecommon 
ambiguous clinical sign. As an incidental finding it 
should be ignored—in isolation it is not diagnostic 
but it 1s considered by some to be sufficient to make 
the diagnosis in an individual with a first degree 
relative with tuberous sclerosis. An intragenic 
marker might help to clarify the situation on those 
occasions where signs are in doubt and this may be 
available within the next decade as details of the 
gene locus are unravelled. 
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Diseases caused by the human parvovirus B19 


Parvoviruses consist of single molecules of single 
stranded DNA surrouncec by ncn-envzloped pro- 
tein coets. They affect a wde renge of arimals (cats, 
dogs, rats, pigs, cattle, oink rabtut, geese) and 
cause, in some of them variety Df diseases 
(panizucopenia, cerebella- ataxia, enteri-is, myocar- 
ditis. renal failure, fetal Ibs:). B19 is zhe first human 
parvcvirus. It was disco"ered :n 1975 tut has only 
been extersively investiga-ed since 1380 when it was 
realised that it was the cause of appreciable human 
disease. 


Occurrence of B19 infec tien 


This is a common infecaon; zbout 70S of adults 
have serological evidence of pas: infection. Anti- 
body 1s most commonly a>jutred bezween the ages 
Cf 5 anc 15 vears. The peax incidence of -nfections is 
in Merch, April, and Mey 2ach year and epidemics 
tend to occur every three to five years. Tae infection 
is almost certainly world: ce as it ras been found in 
every country (Europe, Scandinavia. America, 
Japar, Australia) where adequate studie. have been 
done. Virus is infectious wien given as aasal drops 
ard the natural mode zf cransmismor is almost 
certainly via the respirator’ route from individuals 
incubating the infection. “ne week after exposure 
large amounts of virus er= found in the blood for 
two cr three days. At this time minor ron-specific 
symp-oms and any related to bone marrow failure 
(see below) occur. After zbot another week there 
is a secord phase of fress characterised by a 
transient maculopapular rash or joint involvement, 
or both. At this stage there is a vigorous immune 
respoa3ss, excretion of the virus has ceased, and the 
individual is immune for Lfe. 


Rash illness due to B19 -rfection 


As with ali common virus infections the-e is a wide 
range of disease. Wholl7 subclinical infections 
occur, moze commonly r chJdren than in adults. 
Infection with B19 may cevse a waolly ron-specific 
disease with a mild, trans:ent fever and respiratory 
tract symptoms. The mcst ccmmon clinical symp- 
tom cf infection is an en themetous rask to which a 
variety of Jiagnostic labels will be applied depend- 
ing upon the nature of the nst anc the centext of its 
occurrence. ` 
Erythema infectiosum oz fifth disease (so called 


because ıt was the fifth of six childhood exantuems 
in an old classification) was first described about 100 
years ago. There are usually no immediately prod- 
roma. symptoms but fever and mild respiratory tract 
symp-oms may have occurred a week before. The 
rash begins with intense erythema of the cheeks 
(hence the synonym, slapped cheek disease). The 
edges of the red areas tend to be raised and there 1s 
relattre circumoral pallor. The rash then appears on 
the arms and the legs as a discrete maculopapular 
erythema. The rash may become confluent in areas 
and then clears from the centre giving a lacy or 
reticclar appearance especially over the lower limbs. 
The rash usually clears after a day or two but then 
has e tendency to recrudesce when the infected 
individual gets hot after exercise, bathing, or in 
sunligat. 

Cazes and outbreaks of erythema infectiosum 
throuzhout the world have been shown to be due to 
B19 -nfection. This particular diagnosis is usually 
made when there is a prominent slapped cheek 
component, or a lacy appearance to the rash or 
when. an outbreak of such illness occurs in primary 
schocl children. The slapped cheek appearance does 
not elways occur, however, and is particularly 
uncommon in adults. In such cases a diagnosis of 
rubel a is often made and the other common clinical 
diagnoses in cases of B19 infection are allergic rash 
or uaspecified viral rash Lymphadenopathy is 
founc more often in rubella but joint involvement is 
common in both infections (see below) and the 
seaso1al incidence of the two is the same. Specific 
laboratcry tests are the only way of distinguishing 
precisely between rubella and B19 infection. 

The rash associated with B19 infection is not 
always erythematous. The occasional patient with 
recen- B19 infection will present with easy bruising 
or pu-pura Some have low platelet counts but most 
do nc-. The occasional case’ diagnosed clinically as 
Henoch-Schonlein purpura has been shown to be a 
recen- B19 infection. 


Joint mvolvement in B19 infection 


Joint involvement has long been recognised as a 
comp.ication of erythema infectiosum and with the 
advert of specific laboratory tests for B19 infection 
it is -lear that this infection causes arthritis and 
arthrelgia. In many respects it is equivalent to the 
arthropathy seen in rubella infections. It may occur 
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with an erythematous rash or may be the sole 
presenting symptom. It occurs in only 5-10% of B19 
infections of children but in 80% of infections in 
adult women. It usually involves the joints of the 
hands and wrists but may also involve knees and 
ankles. Arthralgia is the most common complaint 
but the joints are often stiff and swollen. In most 
instances the joint symptoms resolve within two 
weeks but in a small number of cases the symptoms 
may persist for months or years. Initially some 
patients have been classified as early rheumatoid 
arthritis but there is no evidence that B19 virus 
causes this disease. 


Haematological changes in B19 infection 


B19 virus infects the red blood cell precursors in the 
bone marrow and there is a cessation of erythro- 
poiesis for about one week. This occurs in all 
persons infected with the virus but in haematologi- 
cally normal people with haemoglobins of 110-140 
g/l and red cells with a life span of 120 days there are 
no clinical effects, although the haemoglobin con- 
centration temporarily drops by about 10 g/l. In 
those with chronic haemolytic anaemia, however, 
with an already low haemoglobin (steady state 
concentrations of 70-100 g/l) and red blood cells 
with a short life span (about 20 days) there 1s a 
temporary fall in haemoglobin to very low values 
and the patient is ill with the symptoms and signs of 
profound anaemia, which may require blood trans- 
fusion. This is called an aplastic crisis and is 
particularly a feature of sickle cell anaemia and 
hereditary spherocytosis. Over 95% of all cases of 
aplastic crisis that have been adequately investigated 
have been shown to be due to B19 virus infection 
and most occur in children under 15 years of age. 


B19 virus infection in pregnancy 


A transient but intense viraemia occurs as part of 
every B19 infection and should this occur dunng 
pregnancy there will be an opportunity for the virus 
to spread to the placenta and fetus. There is no 
doubt that B19 does cause fetal infection. It does not 
appear to cause birth defects like rubella virus 
infection but is a cause of loss of the pregnancy. If 
this occurs early in pregnancy it will be a spon- 
taneous abortion and B19 infection appears to 
increase the likelihood of this threefold. If maternal 
B19 infection occurs in the second or third trimester 
it may be associated with hydrops fetalis due to a 
persistent fetal infection. This may result in late 


abortion or stillbirth. At present there is no need to 
alter the management of pregnancies complicated 
by B19 infection. The pregnancy may be lost but if ıt 
is not then a normal baby can be anticipated, 
although in many instances follow up has been for 
only a relatively short time. 


Diagnosis of B19 infection 


The common rash, ilIness and joint symptoms occur 
at a time when virus can no longer be detected in 
serum or throat swabs in most cases. Diagnosis is 
therefore based on the detection of B19 specific IgM 
antibody that is present in serum for two to three 
months after infection. Past exposure (and therefore 
immunity) can be assessed by testing for specific 
antibody of the IgG class. This diagnostic approach 
is exactly that used for rubella and a clotted blood 
sample with full clinical details ıs all that ıs required 
to investigate suspicious rashes. Virus may still be 
present in the serum in cases of aplastic crises and 
should be looked for by immunological or molecular 
biological techniques. Detection of virus is the only 
satisfactory method of diagnosing B19 infection in 
hydropic fetuses. 

Unfortunately there is still a severe shortage of 
reagents for B19 virus diagnostic tests and these are 
only available in a limited number of centres. 
Hopefully in the near future synthetic antigens will 
become available. Diagnostic antibody tests could 
then be applied on a much wider scale. 

For further details the reader is referred to the 
following reviews and textbook descriptions. 


Further reading 
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Nebulised beclomethasone dipropionate in recurrent 
obstructive z5isodes after acute bronchiolitis 


KH CARLSEN," J LEEGAARD,* S LARSEN,t AND I @RSTAVIK# 


* Department of Paediatres, ziMicrobiolozical Laboratory, Usievdl Hospital, Oslo and TM EDSTAT, Institute 
for Adrfristration, Des'gr. and Statistical Analysis in Medical Research, Strømmen, Norway 


SUMMARY Forty four cChilcren with recurrent obstructive episodes after acute bronchiolitis in 
infancy were treated w tt nebulised teclomethasone di»ropionate or placebo for eight weeks in a 
randomised double-blixxc study. They were seen montaly for a year afterwards, and also if they 
had acute respiratory Hlresses wih or without bronchopulmonary obstruction. The two 
treatmert groups were vell matchec. The children receiving active treatment had significantly 
fewer symptomatic respiratory illnezses and fewer episodes of bronchopulmonary obstruction 
during the follow up 2zcicd. The caildren given placebo had significantly higher obstructive 
scores during the study per. od, and they were treated with inhaled f; agonists and theophylline 
for longer periods of time during -he follow up period. 

The results suggest tha: nebu_ised beclomethasone dipropionate may have prolonged effects on 
subsequent asthmatic symptoms after termination of treatment in children with recurrent 


obstructive episodes zfter acute bronchiolitis. 


Acute bronchiolitis in infa127 ismost ofter associated 
with respiratory syncytiel virus infection, and is 
associatec with later episcdes of broncho»ulmonary 
obstruction and the develcrraent of bronchial asthma 
in childrea.! ^ Inhalation cf beclomethasone dipro- 
pionate, as an aerosol or as 5owder, is efective and 
sefe propaylexis of chilckcoé asthma,’ * possibly 
because it reduces the noa-Secific broncaial hyper- 
reactivity ın asthma. As -Fe use of both aerosols 
and powcer inhalation is li£izul: in imfants and 
small children, we have ;rvestizated whether neb- 
ulised beclomethasone dioxopionate cou d be used 
in infants amd small childr23 with recurrer t episodes 
of bronchopulmonary struction. afer acute 
bronchioliti, and wheth2- treatment with beclo- 
methasone dipropionate for eight weeks could 
possibly irfiuence the outcome. W2 have therefore 
conducted a placebo cons» led double Hind study 
in childrer under 2 years cf ege to study tke effect of 
inhaled netulised beclomeTasone dipropionate for 
eight weeks with a follow up pe-iod of one year. The 
aim of the study was to examine whether inaalation of 
_ nebulised beclomethasone cipropionate nfluenced 

the frequency of recurr21: attacks of broncho- 
pulmonary obstruction dur rg <reatment, as well as 
the subsequent development cf episodes after the 
treatment. 


Patierts and methods 


A totel of 44 children aged between six and 24 months 
were randomly allocated to be treated by placebo 
(n=22) or beclomethasone dipropionate (n=22) in a 
double blind manner. To be included in the study 
the petients had to fulfil the following criteria: they 
had ta be previously admitted to the paediatric 
depar:ment of Ullevál hospital (the municipal hos- 
pital ct Oslo) with acute bronchiolitis, and they had 
to have had a history of at least one attack of 
broncaopulmonary obstruction after the initial attack 
of brcnchiolitis. The diagnosis of bronchiolitis was 
made according to the criteria of Court. Table 1 
showsthat the groups were comparable. To diagnose 
an episode of bronchopulmonary obstruction three 
of the following signs were required: wheezing, 
expiratory dyspnoea, paradoxical chest movements 
on inscuration, rapid respiratory rate (>40 a minute) 
and audible ráles and sibilant rhonchi.* Children 
were zot included in the study if they had other 
serious disabling diseases or had received prolonged 
courses cf systemic treatment with steroids. Children 
who had received steroid treatment for only a few 
days during previous severe attacks of broncho- 
pulmecnary obstruction were included. 

Doble blind parallel groups received either 
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Table 1 Clinical details of children treated wtih nebulised beclomethasone dipropionate (n=22) and placebo (n=22) 


Figures given are mean (SEM) 


Age at mclusion (months) 

Birth weight (g) 

Duration of breast feeding (months) 

Weight at inclusion (kg) 

Height at inclusion (cm) 

No of respiratory illnesses at inclusion 

No of lower respiratory infections at inclusion 

No of episodes of bronchopulmonary obstruction at inclusion 
No of courses of antibiotic treatment at inclusion 


Boys gurls 


placebo or beclomethasone dipropionate, and the 
children were stratified in six blocks according to the 
number of previous attacks of bronchopulmonary 
obstruction (one or two attacks, three or four 
attacks, and more than four attacks) they had had as 
well as according to whether or not respiratory 
syncytial virus was detected in their sputum during 
the first episode of bronchiolitis. Each of these six 
blocks were randomised separately in such a way 
that half the patients within each block was given 
beclomethasone dipropionate and the other half was 
given placebo, in order to obtain a balanced design. 

The patients were randomly allocated to receive 
either placebo or active treatment with nebulised 
beclomethasone dipropionate. Identical bottles 
contained either an aqueous suspension of beclo- 
methasone dipropionate 50 ug/ml or placebo solu- 
tion containing the preservatives and buffers of the 
active suspension. The patients were supplied with 
the PaRi Inhaler Boy nebuliser (Paul Ritzau Pari- 
Werk GmbH) for home treatment and received a 
dose of 2 m] four times daily for the first two weeks, 
and then 2 ml twice daily for the remaining six weeks. 
The patients also received additional treatment for 
bronchopulmonary obstruction according to the 
standard clinical practice of the hospital. During the 
follow up period the patients were seen regularly 
each month, and on additional occasions if they had 
an acute respiratory illness with or without broncho- 
pulmonary obstruction. Whenever they were seen a 
questionnaire was filled in by the examining doctor, 
and a score of the degree of bronchopulmonary 
obstruction was obtained during acute attacks 
(table 2). The maximum possible score at any one 
visit was 15. 

At the end of the study period allergic reactions 
were sought by skin test, radioallergosorbent test 
(Phadebas, RAST), and measurement of total IgE 
(Phadebas, PRIST). The skin test and the RAST 


Placebo Nebulised p Value 
beclomethasone (two taled) 
dipropionate 

17 3 (09) 14 1 (12) 0 09 
3300 0 (200) 3300 0 (200) 0-99 
61 (13) 5 6 (0-9) 0 66 
112 (03) 10 1 (0-4) 0 05 
80-5 (1-0) 77-6 (1-4) 021 
7 9 (07) 6 1 (06) 0 09 
35 (0 4) 4 3 (0-6) 0-52 

4 8 (0 6) 44 (0 6) 0 55 
39 (07) 3-9 (0 6) 0-86 

15 7 18:4 0-29 


tests were carried out as reported in a previous 
study. 

When respiratory tract illnesses occurred, naso- 
pharyngeal aspirates were obtained and examined 
for respiratory viruses by rapid immunofluorescence 
and cell culture as previously descnbed.’ This was 
also done during hospital admissions before the 
study. 

The results are given as medians with 95% 
confidence intervals calculated by the Bernoulli- 
Wilcoxon method.® 


Table 2 Score used in the evaluation of the patients during 
episodes of bronchopulmonary obstruction 


Vanable Score 
Respiratory rate. 
«4(/minute 0 
40-607 minute 1 
>60/minute 2 
Rub retraction, use of accessory respiratory muscles, 
wheeze, rales 
None 0 
Moderately affected 1 
Definitely obstructive 2 
Chest radiograph. 
Not performed or normal 0 
Hyperinflation or increased translucency I 
Consolidation or atelectasis 2 
Capillary blood gases 
Not performed or normal 0 
PCO, between 6-7 kPa 1 


PCO, >7 kPa, pH «7:3 
General condition 

Not affected, playing normally 0 

Pallid, moderately affected 1 

Severely affected, cyanotic 2 
Treatment score 

No bronchodilator 

Epinephnne aerosol or inhaled salbutamol 

Intravenous theophylline or steroids 

Artificial ventilation 


Wher C2 
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Both one and two tailed tests were used. Differ- 
ences were considered sigri casat when tae p values 
were less than or equal $c 05. The sgnificance 
of differences between grcups was tes ed by the 
Wikcoxon midrank sum :est.? Time until the first 
symptometic respiratory ihes: ard the time until 
the firs: epBode of bronzhopu.mcnzry obstruction 
were bcth calculated by the Keplar-Meier estimate? 
and Geaamn'; statistic. !? 

The paserts of the part.ci»ating children received 
ora. as well as written 1nXo-mstion abort the aims 
and tae means of the :strly and gave informed 
writte3 consent before the > 1uldren were -ncluded in 
the stady vhich was coadicted accord.ng to the 
Decla-ation cf Helsinki zs -evised in Tokyo, 1975. 
Apprcval or the study vas obtained from the 
natioma committee on drugs ci Norway and by the 
local ethical committee o7 Ullevål hospital. 


Results 


Twenty twc chiidren weze rardomised to receive 
placeto anz 22 to receive beclomethasone dipro- 
pionate Ikere were nc significant differences 
between the two treatme2: groups in the incidence 
of reanatal ~espiratory dizezse : p=0-31), or allergic 
diseas2 amzng the mothe:s (——0-52), the fathers 
(pz 0-30), tœ siblings (pzC- 317. or the grandparents 
of the patits (p=0-52). Thos was true also for other 
pre-existirg diseases amcrg pererts, sitlings, and 
grandperems. In addition 3» siznificant differences 
were f>unJ for family relaad1sh p (p^ 0-47), number 
of sibing: p-—0-40), hyzenic state of the home 
(p=0-20), floor covering ir tre Lomes (carpets or not) 
(p=0-5£), pets in the home (p=0-12), place of stay 
durng the day (for example k-ndetgarten, nursery, 
at hom2) (p=0-66), and tebecco smok ng in the 
home (p=0 95). Other background variables are 
given n tabe 1. The child-en i1 the placebo group 
were generally older and 12a~ er than the treated 
childrer at the time of inckvsicn in the study. They 
alsa hec mcre acute respiratory tract illnesses before 
their entr” im the study, "Ecugh tbe difference was 
not sizmfcent. There were no differences in the 
number >? lower respircto-; tract infections, 
the number of episodes of broncho»ulmonary 
obstruction Dr the number ef courses of antibiotics 
(table :). Previous history zf respiracory virus 
infectioas tefore the inclazion .n the study did not 
differ bztween the two g-oaps. Fr'teen children in 
the placetc group and 1& r the treated group had 
no his ary ct previous virus rafections. Of those with 
a history o^ previous viru: i-fecaon, -espiratory 
syncytial “iris had been ^c. nc in -hree children in 
the placetc group and in tvo 3 the treazed group, 
adenozirus in two in the 3izcebo group and one in 


the treated group, rhinovirus ın three in the placebo 
group and parainfluenza virus infection in one m 
the treated group. 

No zhild was withdrawn during the eight weeks of 
treatirent with beclomethasone dipropionate or 
placeto, and no side effects were observed in either 
group During the follow up period one child was 
withdrawn from the study, and two children dropped 
out. Cne child who received beclomethasone dipro- 
pionate was withdrawn because severe symptoms 
occurred a few weeks after stopping the inhalation 
treatrrent, and because of this the randomisation 
code was broken. This child was included in the 
statistica. evaluation of the results with the least 
favourable results in the beclomethasone dipro- 
pionat2 group. One child who was also receiving 
beclomethasone dipropionate dropped out of the 
study 2ecause the family moved to another part of 
Norwey during the follow up period. Another child 
who was receiving placebo dropped out shortly after 
inclusion in the study because the wrong inclusion 
criteria had been applied. These two subjects were 
not ircluded in the statistical evaluation of the 
results, and were replaced by other children. 

The results of treatment with nebulised beclo- 
methasone dipropionate compared with placebo are 
shown. in table 3. The time from the start of 
treatment until the first acute symptomatic respir- 
atory illness and until the first episode of broncho- 
pulmonary obstruction were significantly longer 
in the beclomethasone dipropionate group. The 
probability of not contracting an acute symptomatic 
respiretory illness from the start of the treatment for 
the tw» groups of patients is shown in fig 1, and the 
probability of not contracting an episode of broncho- 
pulmo;ary obstruction is shown in fig 2; the prob- 
abilities for both variables were significantly higher 
in the beclomethasone dipropionate group. The 
placeb> group also had significantly more sympto- 
matic acute respiratory illnesses and more episodes 
of bronchopulmonary obstruction during the study 
period. {table 3) They also had a significantly higher 
total rrean obstructive score during the study period, 
whereas -he mean obstructive score for an episode 
did no” differ between the two groups (table 3). The 
placeb» group did not, however, have more respir- 
atory virus infections diagnosed than the beclo- 
metharsore dipropionate group (p=0-24). In the 
placeb group three respiratory syncytial virus, four 
rhinovrus, one adenovirus type 2, and one para- 
influerza virus type 3 infections were diagnosed, 
whereas in the beclomethasone dipropionate group 
SIX resoiratory syncytial virus, one rhinovirus, one 
adenorirus type 2 and one parainfluenza virus type 3 
infections were diagnosed. 

Apart from the double blind treatment with 
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Table 3 Observations during active treatment period and during follow up period. Figures given are median (95% 


confidence interval) 


Time until first symptomatic respiratory illness (weeks) 


Time unti first episode of bronchopulmonary obstruction (weeks) 


No of symptomatic respiratory iinesses during study 

No of episodes of bronchopulmonary obstruction dunng study 
Total obstructive score 

Mean obstructive score an episode 

Duration of treatment with B-2 agonists (weeks) 

Duration of treatment with theophylline (weeks) 

Total IgE (kU/) at end of study 


p=0 025 





123 45 6 7 89 01112 1314 
Time (weeks) 


Fig 1 The probability of not contracting an acute 
symptomatuc respiratory tract iliness as a function of time 
in weeks after start of treatment with placebo and with 
nebulised beclomethasone dipropionate calculated by the 
Kaplan-Meier estimate and Gehan's statistic 
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Time (weeks) 


Fig2 The probability of not contracting an episode of 
bronchopulmonary obstruction as a function of time in 
weeks after start of treatment with placebo and with 
nebulised beclomethasone dipropionate Calculated by the 
Kaplan-Meter estimate and Gehan’s statistic. 


Placebo Nebulised p Value 
beciomethasone (one tailed) 
dipropionate 

40 (2 to 8) 75 (2 to 23) Q 035 
40 (2 to 7) 70 (2 to 23) 0 025 
10 0 (6 to 12) 6 5 (4 to 8) 0 005 
9 0 (6 to 12) 45 (3 to 6) «0-005 
19 5 (12 to 23) 12 0 (7 to 22) 0-025 
55 (5 to 66) 5-3 (4 to 7) 0-36 
20 0 (12 to 30) 7-0 (3 to 12) <0 005 
8-5 (6 to 14) 2-0 (1 to 8) «0-005 
11 (4 to 94) 15-5 (5 to 41) 0-49 


nebulised beclomethasone dipropionate and placebo 
during the first eight weeks of the study period, 
other symptomatic treatment was given as necessary 
according to the clinical condition, and recorded. 
The placebo group were treated with B, agonists 
(usually by inhalation) for significantly longer 
periods of time than the beclomethasone dipro- 
pionate group (table 3). The same was found 
for theophylline (usually given rectally or orally) 
(table 3). 

Total IgE did not differ between the two groups at 
the end of the study (table 3). Six children in the 
placebo group and one child in the beclomethasone 
dipropionate group had positive RASTs at the end 
of the study, whereas four children in the placebo 
group and one child in the beclomethasone dipro- 
pionate group had positive skin tests at the end of 
the study. These differences were not significant. 


Discussion 


The association between bronchiolitis in infancy and 
subsequent obstructive airways disease! ? may be a 
result of increased bronchial hyper-reactivity as 
Henry et al!! found two years after acute broncholitis. 
The prophylactic effect of inhaled beclomethasone 
dipropionate as powder or aerosol for childhood 
asthma? * may possibly work through inhibition of 
the enzyme phospholipase A», preventing the release 
of prostaglandins and leukotrienes.'? 

In the present study the positive effect of nebulised 
beclomethasone dipropionate was already apparent 
after the first week of treatment. This effect increased 
gradually throughout the period, and also after the 
eight week treatment. Several observations confirm 
the beneficial effect of nebulised beclomethasone 
dipropionate: time until the first symptomatic 
respiratory illness and obstructive episode after 
starting treatment, number of symptomatic respir- 
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atory illnesses and episode. of bronchozulmonary 
obstruction during the entire year of follow up, total 
obstructive score during the study period, and a 
reduction m the use of o her treatments in the 
beclomethasone dipropior et» group. The confidence 
intervals o- the time una: the first episode of 
bronchopulmonary obstruzn (table 3) confirm the 
prolonged effect after stcpping treatmert. It is of 
interest that the number o: diagnosed sespiratory 
virus nfections did not d-ffer betweer the two 
groups, whereas the number of symptomatic respir- 
atory -Ilnesses and episodes o; bronchopulmonary 
obstruction were less in tie bezlometaasone dipro- 
pionate group. This suggests that 3ebulied beclo- 
methasone dipropionate may indirecty reduce 
bronclial hyper-reactivity 

The two treatment groas had beer carefully 
matched and were compa-able. The placebo group 
was slightly though not siza ficantly clde- than the 
beclomethasone dipropionate grou» st the time of 
entry in the study, which 5-obzbly accouats for the 
dirfereace in weight. No other significant cifferences 
in background variables wer2 found. 

Other authors have »epor:ed similar results, 
though in different groups of petients Maayan 
et al” showed improvemz1: of lung furction and 
symptcmatic score after t«c weeks treatment with 
nebulised beclomethasone. dipropionate in nine 
infants aged 15 to 36 week: old who nad persistent 
wheezing after acute bronza oltis. Their study was 
double blind with few patats, had no 7ollow-up, 
and alto had the possibilty of a carry cver effect 
because of the crossover design.’ Both tneir study 
and tke present study raise tae possibility that 
inhalation with nebulisec beclomethasone dipro- 
pionate at the time of recurrent respiratoryinfections 
with bronchopulmonary D>structicn may have a 
prolonged subsequent efect after treatment has 
finished. This may be caus2d by the arti-inflam- 
matory effect of the inhaled steroid. 

Pedersen and Prahl’* treatecé 13 children with 
bronchial asthma aged mo tc 26 months with 
nebulised beclomethasone d-propionats ia an open 
study vithout placebo. The found chat 15 of the 18 
childrea improved during ite creatment period of 
two to six rronths. 

Stor et al evaluated the use of nebulised 
beclomethasone dipropioix:e over a sx month 
period in 29 children wita >rcrchial astama aged 
20 months to 5-6 years old in a placebo «controlled 
double blind study. They found that nebulised 
beclomethasone dipropiona'e was significaatly better 
than p.acebo, whereas Wetb er al! in a placebo 
controled Jouble blind crossover study of 16 
childrea with moderate to 32 ere as-hraa, age range 
18 moaths to six years, daly found a favourable 


trend with nebulised beclomethasone dipropionate 
which was not significant. In the study of Webb et al, 
however, only 13 of 16 children completed the 
study. The two treatment periods, each consisting of 
two months of active or placebo treatment, did not 
have any washout period in between.!® Although 
the patients 1n the present study were younger and 
in a different category from those of Storr et al’ and 
Webb et al,! our results may partly explain the 
differences between these two studies. We found 
that nebulised beclomethasone dipropionate was 
effective even after stopping treatment, thereby 
increasing the likelihood of a carry over effect in a 
crossover study. This makes the interpretation of 
data generated in crossover studies difficult.!? 

The evidence at present supports the prophylactic 
effect of nebulised beclomethasone dipropionate in 
obstructive airways disease in infants and small 
children. We have shown in a previous study? that 
infants at particular risk of recurrent obstructive 
episodes after acute bronchiolitis may be identified 
by a discriminant function analysis at the time of the 
acute attack. Infants identified in this way may 
benefit from nebulised beclomethasone dipro- 
pionate. The present study suggests that inhalation 
of nebulised beclomethasone dipropionate at a 
critical time period for infants and children at risk 
may have a prolonged effect (after treatment has 
been stopped) on the subsequent development of 
recurrent episodes of bronchopulmonary obstruc- 
tion and hence upon the possible development of 
asthma in these children. These suggestions must be 
confirmed by further studies. Treatment of this kind 
may be of great value, especially as inhalation of 
topical steroids in moderate doses is devoid of 
serious side effects during prolonged periods of 
treatment.? 


We thank Nurse Máifnd Bu for skied technical 


help during the study 
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IgG subclass deficiency in asthma 


B G LOFTUS,* J F PRCE.” A LOBD-YEO,+ AND D VERGANH 
“Departmen: of Child Heal ard }Immurology, King's College School of Medicine and Dentistry, London 


SUMMARY “otal immuncglobulin G (-gG) and subclasses were measured in serum samples from 
82 children. with chronic asthma, aged 1-5 to 6-3 years, and 76 controls. Concentrations of IgG,, 
IgG, IgGs, and total IgG: were signiticantly lower in asthmatic children aged 1 to 5, and IgG; 
co-centrations were als» significantly lower in asthmatic children over 5 years of age. Twenty 
eignt asthmatic children had at least one value in the deficient range, and 26 had IgG, deficiency 
alone or in combinatiom Five children had IgG; and IgA deficiency. These 28 children were 
significantl younger amd fewer had raised IgE concentrations than the remainder. 

IgG subc.ass deficiercy, which mzy reflect delayed maturation of the immune system, is 
common in young asthmatic children and may have a role in the pathogenesis of the disease. 


The tmportance of respirato-v infection in orecipita- 
ting attacks o^ asthma is weil Enown. Defic.encies of 
IgG limited $o one or mor? sutclasses have been 
recognised ir children with recurrent infections! and 
one small study found evidence of IzG subclass 
deficiency in ‘non-allergic chidren wit chronic 
chest symptcms’.” Because other forms ofimmuno- 
deficiency have been associa-ed with atopic diseases, 
we decided ta study IgG su»cz:ass concentretions in a 
large group of chronic astEra1tc children. 


Patients and methods 


We studied 32 children wrk chronic asthma, all of 
whom were attending th» paediatric respiratory 
clinic at Kim2’s College Hospital. Children were 
inclided if they had asthma severe emough to 
warrant regrlar bronchodaators or prcphylactic 
medication——hat is, at least ome severe attack a 
month, or symptoms on mot days. Fifty six boys 
and 26 girls aged 1-5 to 6:3 “ears were recruited. The 
first symptorcs of asthma cc-urred under the age of 
1 year in 36, and under the age of 2 ın 69 Half the 
children had symptoms of -hiaitis. and half had 
present or past symptoms cf eczema. Skin testing to 
six common allergens was >irned out or. 69, and 
yielded one cr more posit-ve reactions in 55. Sixty 
six had raise= serum IgE concentrations (more than 
two standar- deviations 10.ve the age matched 
mean). Forty eight children required steroids by 
inhalation, Eve sodium --omoglyca:e, 10 theo- 
phvlline, and 19 regular B agonists. Serum samples 


from 76 unselected healthy controls, 38 boys and 38 
girls aged 1 to 6-8 years were also analysed. These 
children were recruted in conjunction with the 
Michael McGough Foundation; they were in good 
health at the time of the study and had no history of 
serious cisease. 

We compared values for male and female controls 
to determine whether there was any sex difference 
in IgG subclass concentrations. Because concentra- 
tions of IgG subclasses vary with age,’ asthmatic and 
control children were divided in three groups 1 to 
2-99 years, 3 to 4-99 years, 5 to 6-99 years, for the 
purposes of analysis so that age matched comparison 
could be carried out. In the 1-2-99 years age group 
there were 17 controls (eight of whom were boys) 
and 22 asthmatic children (15 of whom were boys); 
in the 3-4-99 years age group there were 22 controls 
(11 of waom were boys) and 42 asthmatic children 
(31 of whom were boys); and in the 5-6-99 years age 
group there were 37 controls (20 of whom were 
boys) and 18 asthmatic children (10 of whom were 
boys). In both asthmatic and control groups were 
calculated the geometric mean and ranges using 
logarithmic transformation of the data.* The signifi- 
cance of differences between values in control and 
asthmatic children were assessed using Student’s 
t test and the Wilcoxon rank sum test, probabilities 
of less than 0-05 being accepted as significant. 

Asthmatic children with abnormal concentrations 
of IgG subclasses were compared with the remainder 
for age, and clinical and atopic state. The x? test was 
used to assess the significance of any differences. 
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IgG subclasses were measured using an enzyme 
linked immunosorbent assay (ELISA) based on the 
method described by Aucouturier et al.? The mono- 
clonal antibodies used were: IgG;, clone NL16 
(WHO/IUIS HP 6012) diluted 1/100; IgG, a mixture 
of clone GOM2 (HP 6009) and HP 6014, diluted 
1/100; IgG3, clone ZG4 (HP 6010) diluted 1/1000; 
and IgG,, clone RJ4 (HP 6011) diluted 1/100. All 
monoclonal antibodies were obtained from Oxoid 
(Bedford, UK). 

Microtitre plates were coated with purified mono- 
clonal antibody of the relevant subclass at optimal 
dilution, in 0-01 mol/l phosphate buffer, 0-15 mol/l 
in sodium chloride, pH 7-4 (phosphate buffered 
saline) overnight at 4°C. Assays were conducted in 
triplicate in a volume of 100 ul in wells of polystyrene 
microtitre plates (Dynatech Immulon M129B, 
Dynatech Laboratories Ltd, Sussex, UK). After 
discarding the coating solution the wells were 
incubated with 5% bovine serum albumin in phos- 
phate buffered saline, for one hour at 37°C to block 
residual reactive sites on the plastic wells. The plates 
were then washed with casein trometamol (Tris) 
buffer (0-05% casein, 0-996 sodium chloride, 0-01% 
thimersol, 10 nmol/l Tris hydrochloric acid, pH 7-6). 
All washes were done with an automated plate 
washer (Dyantech Autowash 2000). Patient or 
control serum was added at a dilution of 1/40 in 
phosphate buffered saline containing 196 bovine 
serum albumin and incubated for two hours at 37°C. 
A standard curve was established for each 
subclass using a reference serum preparation SPS-01 
(Royal Hallamshire Hospital, Sheffield). After a 
further wash with casein Tris buffer, a peroxidase 
conjugated goat antihuman IgG antibody (Tago Inc) 
diluted 1/1000 in phosphate buffered saline was 
added and incubated for 1-5 hours at 37°C. After a 
final wash with phosphate buffered saline, the 
peroxidase activity of each well was determined with 
the colorimetric substrate, O-Phenylenediamine 
(0-4 mg/ml) and the reaction stopped with 2 mol/l 
sulphuric acid. The absorbance of the wells was 
determined at 490 nm using a Dynatech MR700 
Elisa reader. 

Each serum sample was studied at least twice, and 
a sample from a normal serum pool was included in 
every plate. The intra-assay coefficient of variation 
was 8% and the interassay coefficient of variation 
was 1496. A good correlation between the concentra- 
tions of IgG obtained by summing subclasses and 
total IgG concentrations was found on measurement 
by laser nephelometry (linear regression analysis 
10-89). 

Informed consent was obtained from all parents 
. and the study was approved by the hospital ethical 
committee. 
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Table 1 Mean (range) IgG concentrations (g/l) in the three 
age groupings 


Control Asthmatc t p Value 
children children 
Age 1 to 2-99 years: 
Total IgG 1004 (7 4-13-7) 78 (5-0-12:2 4-16 «0-01 
Gi 66 (40-10-89 55 (34-87) 2.52 «0 05 
21 (16-28) 13 (0439) 3.53 «0-01 
G; 0-89 (0 4-19) 0-73 (0 4-13) NS 
G, 0.3 (0-1-0-5) 02 (0-1-0 4) NS 
Age 3 to 499 years 
Total IgG 99 (66-149) 81 (56-115) 426 «0-01 
Gi 64 (42-99) 55 (377-82) 2-74 «0-01 
G, 23 (12-43) 15 (0-8-3-1) 391 «001 
G; 0-84 (042-17) 069 (042-1 13) 263 «005 
G, 0.2 (01-08 02 (031-04) NS 
Age 5 to 6:99 years 
Total IgG 9-7 (67-141) 905 (67-122) NS 
G, 60 (38-96) 627 (4-5-8 B) NS 
G, 25 (13-48) 172 (1-0-3-1) 387 «0-01 
G, 0-76 (0:33-1:74) 0-73 (0-4-1-35) NS 
Gs 0.2 (0.03-1.7 02 (0-1-0-4) NS 
Results 


Values for boys and girls in the control group 
were similar for all subclasses and for total IgG. 

Concentrations of IgG,, IgG2, IgG; and total IgG 
were lower in asthmatic children aged 1 to 2-99 and 
3 to 4.99 years when compared with age matched 
controls. IgG, values were also lower in asthmatics 
aged 5 to 6-99 years (p« 0-05) (table 1, figure). 

Twenty eight asthmatic children had one or more 
values more than two standard deviations below the 
mean for age matched controls. Twenty six had IgG; 
deficiency —alone in 13, and combined with total 
IgG deficiency in nine, IgG; and total in two, IgG; 
in one, and IgG; and total in one. One child had a 
low concentration of IgG with subclass concentra- 
tions within the normal ranges, and a further child 
had IgG and IgG, deficiency. 

These 28 children with deficiencies, when com- 
pared with the remainder of the asthmatic group, 
were significantly younger and fewer had high IgE 
concentrations than the remainder. There were no 
significant differences in sex, age of onset, con- 
comitant atopic disease, requirement for inhaled 
steroids, or skin test reactivity. Five children, all of 
whom had IgG; deficiency, also had IgA deficiency 
(table 2). 


Discussion 
Our results indicate that IgG subclass deficiency, 


predominantly IgG;, is present in over one third of 
children under 7 with serious asthma. Five children 
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Table Comparison of astra wuh at least one 


deficiency of IgG or subclass aad the rest of ihe seudy group 


Those witl Thcse with 
at least no 
one dejicien-y 
(n—28) p Valuz2 — (nz54) 
Mean (SO) aze 
(montis) 364054 <95 47t (SD 14-9) 
No (%) 5f bevs 22 (79) NS 34 63) 
Age at cnset- 
No (96) -mde the 
aze of 1 year 12 (43) NS 24 44) 
No (96) >etwsen 
1 and 2 vers 10 (36) NS 23 43) 
No (%) rece&nng 
treatment vith 
mhalec stesoids 16 (57) NS 22 40) 
No (%) wuh rhinitrs 15 (54) NS 32 59) 
No (9€) with eczema 13 (46] NS 25 ^46) 
No (96) with positive 
skin tests 17/24 (71) NS 38/25 (85) 
No (%) with raised 
IgE ccncemration 17 (61! <O-35 49 791) 
No (96) with IZA 
deficiency 5 (18 NS 0 


had abnormally low concentrations of IgA, and 
they al had concomitant IgG» deficiency. Total IgG 
deficieacy has been reported in children taking oral 
steroid; none of our chldren were taking oral 
steroids when studied, though many had received 
short courses previously. Multiple IgG subclass 
deficiency was present only in younger patients. 

In ths previous study of IgG subclasses in children 
with asthma, IgG, deficiency was noted in 10 of 37 
'non-aliergic children with chromic chest symptoms’; 
these children had negative skin tests and normal 
IgE concentrations.’ In our study negative skin tests 
and normal concentrations of IgE were more 
commen in children with deficiencies. These children 
were significantly younger, however, and because 
the inddence of positive skin tests increases with 
age,’ tie apparent association of G subclass defi- 
ciency and ‘non-allergic’ asthma may only be a 
reflection of a younger age group. 

Atopic diseases including asthma have been 
hnked ith IgA deficiency,? defective yeast opson- 
ising activity,’ C2 deficiency, '? and now IgG subclass 
deficiency. No specific immunodeficiency is accepted 


as predisposing to childhood asthma but the associa- 
tion with a variety of abnormalities indicates that 
some form of dysregulation of immunity may be 
concerned in the pathogenesis. It has been suggested 
that defects of the immune system that affect 
exclusion or elimination of antigen could be relevant 
in early infancy at the time of first presentation of 
antigen to cells making IgE!!; clearance of adsorbed 
antigen might be impaired in IgG subclass deficiency. 

The IgG antibody response to bacterial poly- 
saccharide antigen resides mainly within IgG, sub- 
class” and the antibody response to some viruses 
may also be restricted to a particular subclass." 
Inability to mount an adequate IgG response might 
provoke or exacerbate asthma in certain children. 
Respiratory infection, particularly when viral, results 
in an increase in bronchial reactivity. Perhaps 
protracted infection and epithelial damage enhances 
this effect on airway function. 

Our results show that IgG subclass concentrations 
are significantly reduced in young asthmatics. The 
hypothesis that IgG subclass deficiency predisposes 
to asthma depends on showing that the abnormalities 
predate the disease. We cannot be sure that the 
observed deficiencies were not a consequence of 
asthma or its treatment, but multiple deficiencies 
were present only in the younger children. This 
suggests some type of delayed maturation and tends 
to favour the concept that these deficiencies are 


primary. 
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Screening for cystic fibrosis: a four year regional 
experience 


G ROBERTS, M STANFIELD,‘ A BLACK,* AND A REDMOND* 


Depa-tment of Clinical Bacherustry, Royal Victoria Hespitci, Belfast and ' Royal Belfast Hospital for Sick 
Child-en 


SUMMAR* A four year regiona. screening programme ro detect cystic fibrosis using measurement 
of immuaoreactive trypsincgen is described. During this period 60 infants were diagnosed; 34 by 
screening 12 born with mecorium i eus, and 14 rot identified by the screening assay but who 
presented with clinica. synrptoms az a later age. giv-ng an incidence of cystic fibrosis in the 
region during this time =f 1:1807. Sc-eening has resulted in earlier detection of cystic fibrosis in 
many in-znts, thus allowing treatmeat to be instizutec at an early age, and genetic counselling 
offered :o the parents. There were a number o? false positives and false negatives with the 
immunoreactive trypsinoger screening assay. In addition, eight infants who were sweat tested at 
an early age had a sweat sodium conzentration of «70 mmol/l, although they were subsequently 
shown to have cystic -zibtrosis. These results confirm »ther published data showing that sweat 
sodium results may be low in very voung infants with cystic fibrosis. At the time of diagnosis 
sever. (20%) of the mcfants identified by screening were totally asymptomatic and several 
additional children hac 3vmptoms of such a type that the diagnosis of cystic fibrosis had not been 
consider2d at the time zf screening. Despite the problems experienced it has been decided to 


continue screening. 


It has been reported tha: mmunoreac ive trypsi- 
noger comcentrations weie -aised 1n Elood in infants 
with cystiz fibrosis.! A nuc ber of subsequent trials 
have shown that immunor2 icti ze trypsinogen could 
be esumet2d on dried blood :;pocs as z screenin 
assay for cystic fibrosis n he new borr penod.” 
These repcrts showed encoriraging results, and thus 
it was decided that ıt would be ussfr] tc assess the 
ability ot this assay to cete:t cystic fibrosis in 
conjunction with the exist rg screening programme 
for pFenylEetonuria and 2312e1Ital hypcthyroidism 
in No-thera Ireland. 


Methods 


Blooc specimens, obtarec by heel prick and 
colleced on to filter paver cards. were taken 
between 5 and 8 days of aze from all irfants born 
in Northern Ireland. Before August 1983 these 
samples "ere used to screen for phenvlketonuria 
and congenital hypothyrorcsrz. Since August 1983 
measurement of immuno«eactive trypsmogen has 
been .ncladed as a screemirg test for cyszic fibrosis. 
A seconc heel prick sam pl» was obtained from all 


infants whose initial trypsinogen value was high, 
Lsualky at 3—4 weeks of age. If the repeat trypsinogen 
concentration was also high the baby was seen by a 
paedistrician. with experience in management of 
cystic fibrosis, and a full clinical examination and 
sweat test carried out; the child was usually 4-6 
weeks old at this time. 

Measurement of immunoreactive trypsinogen, on 
blood spot specimens, was carried out using the CIS 
Neonatal Trypsin Radioimmunoassay (CIS (UK) 
Ltd). The within assay coefficients of variation for 
the three concentrations of immunoreactive trypsi- 
noger, 24, 55, and 108 ug/l, were 8:5%, 6:1%, and 
©-2% respectively. The between assay coefficients 
of vanation at the same concentrations were 9-3%, 
E3% and 7.796, respectively. From a precision 
profil for the assay the range for which the between 
essay coefficient of variation is <10% has been 
showa to be 10-140 ug/l. To establish a reference 
range for the assay immunoreactive trypsinogen 
ancasaqrements were carried out on 4000 infants born 
durinz June and July 1983. These results were not 
included in the four year period of assessment of the 
assay and one infant born dunng June and July 
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1983 was subsequently shown to have cystic fibrosis. 
A frequency distribution of immunoreactive 
trypsinogen results on these 4000 infants is shown in 
fig 1. The value at the 95th centile is 80 ug/l and at 
the 98th centile 1s 120 ug/l. 

During the first year of blood trypsinogen screen- 
ing in Northern Ireland the 98th centile was used as 
the cut off level. Thus a second sample was 
requested on any infant whose initial screening 
result exceeded 120 ug/l. If the trypsinogen value for 
the repeat sample was also greater than 120 ug/l the 
child was referred for a sweat test and a clinical 
examination. After one year of screening, using this 
cut off value, four false negatives had been identi- 
fied, and in three of these the results were between 
the 95th and the 98th centile for the assay. For this 
reason, it was decided to alter the cut off value to 
the 95th centile (80 ug/l), and this value has been 
used as the cut off since August 1984. 

Sweat tests were carried out using the method of 
Gibson and Cooke.* A sweat sodium concentration 
of greater than 70 mmol/l was considered to be 
suggestive of cystic fibrosis in the neonate. In infants 
with equivocal sweat sodium results—40—70 mmol/l 
—the sweat test was repeated. A diagnosis of cystic 
fibrosis was not made until three tests with sweat 
sodium concentrations >70 mmol/l were obtained. 
Since 1985 the sweat chloride concentration has also 
been measured and a concentration of >70 mmol/l 
considered to be commensurate with a diagnosis of 
cystic fibrosis. The sweat chloride is often greater 
than the sweat sodium concentration in cystic 
fibrosis, and the sum of the sweat sodium and sweat 
chloride concentrations greater than 140 mmol/l. 


Results 


IMMUNOREACTIVE TRYPSINOGEN CONCENTRATIONS 
During the four year period 108 424 infants were 


f Of total number 
o a.S R 


in- 


d 20 40 60 80 100 120 140 160 180 200 
Immunoreactive trypsinogen (ug/l) 


Figl Frequency distribution of blood immunoreactive 
trypsinogen results in 4000 infants, taken consecutively 
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screened, and a second specimen was requested 
from 5120 (5%) in whom the initial trypsinogen 
result was greater than the cut off level. A second 
raised trypsinogen concentration was measured in 
136 of these repeats, and 34 were identified as 
having cystic fibrosis after clinical examination and 
sweat testing. One hundred and two false positives 
had a normal sweat test and no other indication to 
suggest a diagnosis of cystic fibrosis, although two 
raised trypsinogen concentrations had been mea- 
sured. Fourteen children subsequently were diag- 
nosed as having cystic fibrosis, although they did not 
have raised concentrations of trypsinogen on screen- 
ing. Of these false negatives, three infants born in 
the first year of screening had results between the 
95th and 98th centile. In two other babies an initial 
raised trypsinogen result was followed by a low 
concentration on repeat testing, and in the rest of 
those with a false negative result at no time was the 
concentration of trypsinogen raised. 

A total of 12 1nfants presented with meconium 
ileus. Two of the 12 infants had raised trypsinogen 
concentrations and would have been identified by 
the screening programme; the remainder all had low 
trypsinogen concentrations. It is our policy, how- 
ever, to carry out a sweat test on all infants with 
meconium ileus thus identifying those with cystic 
fibrosis. 

The range of immunoreactive trypsinogen con- 
centrations for 34 true positive and 102 false positive 
results are shown in fig 2. The trypsinogen concen- 
trations in both of these groups range from 80->200 
ug/l. The median values for the true positive groups 
are 200 ug/l for the initial screening result, and 146 
ug/l for the repeat test; ın the false positive group 
the median values for the two tests are 110 ug/l and 
122 ug/l respectively. On the basis of trypsinogen 
testing there was no way to separate the false 
positive results from those that were later shown to 
be associated with cystic fibrosis on the basis of 
sweat testing. 


SWEAT TEST 
A sweat test was carried out on all infants with two 
raised immunoreactive trypsinogen results. The 
mean sweat sodium concentration at diagnosis for 
infants with cystic fibrosis was 92 mmol/l, with a 
range of values from 70 to 135 mmol/l. The 
corresponding values for the false positive group 
were 18 mmol/l and 9-33 mmol/l In 27 infants with 
cystic fibrosis, who also had a sweat chloride 
measurement, 25 had a sweat chloride concentration 
in excess of the sweat sodium concentration, and in 
24 of these 27 infants the sum of the sodium and 
chloride concentrations was greater than 140 mmol/l. 
Seven infants with high trypsinogen values, who 
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concentrations on two occasiems, Thirty four “ants were 
subsequently skown to have cysiic fib-osis ‘true positives). 
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were shown to have cysiz fibrosis, hed a sweat 
sodium concentration in Be range 40-70 mmol/l on 
their initial sweat test, at T a fvrthe- infant had an 
initial swea: sodium concertrztion of 15 mmol/l. In 
each of these children the sweet test wes repeated 
either becewse of strong comical indications of cystic 


fibrosis. or because there was a family history of. 


cvstic fibrosis, and evenrvélly 2 diagnoss of cystic 
fibrosis wes supported sy three sweat sodium 
estimations of 270 mmo A. 

When an infant was d.egncsed as suffering Irom 
cystic fibrosis, all other sxdinss were sweat tested. 
In 1984, after diagnosis cf cystic fiorosis na 6 week 
cld girl after positive screening results, :hree older 
children o£ the family weve svezt tested Two of 
these had positive sweat iess ard were d agnosed as 
having cys:.c fibrosis. Their ages were 3 years and 5 
years. The older child kac bsen treated for rectal 
prolapse z- the age of z years, but the possible 
diagnosis o cystic fibrosis Ead rot been considered. 


CLINICAL ASSESSMENT 
Most of the infants shown to have cystic fibrosis as a 
result 5f the screening programme already had signs 
or symptoms, or both, of cystic fibrosis as shown in 
table 1. In the four year screening period seven 
infantz (20% of those subsequently shown to have 
cystic brosis) were totally asymptomatic at the time 
of diagnosis Three children had severe chest 
infectrons and the diagnosis of cystic fibrosis had 
been suspected before the immunoreactive trypsi- 
nogen results were known. In 24 children, however, 
the dagnosis had not been suspected until the 
screering results became available. When examined 
by the paediatricians involved in this study, 12 were 
found to have a history of mild chest infection, 13 to 
have reraistent diarrhoea, and an additional five had 
no obwious symptoms suggestive of cystic fibrosis, 
although they were underweight for their age. 
Tatle 2 shows that of those children with cystic 
fibros:s end low immunoreactive trypsinogen values 
on screening, only three in the four year period were 
asymptomatic; these chidren were investigated 
after the diagnosis of cystic fibrosis in siblings. The 
remaiider had pronounced symptoms, the most 
important feature being failure to thrive, attributed 
in four cases to repeated pulmonary infections and 
to persistent diarrhoea in the remainder. 


EFFEC” OF SCREENING ON THE AGE AT DIAGNOSIS 


Table 3 shows that the median age at which the 


Table 1 No of infants with cystic fibrosis, identified by 
screenzg, and their symptoms at presentation 


Sympton 1983/4 — 1984/5 1985/6 1986/7 
Failure to 

thnvz 5 4 5 4 
Diarrheza 2 3 5 3 
Chest mfection 6 3 3 3 
Asymp-orratic 2 1 2 2 
Total Mo/wear 9 7 9 9 


Table 2 No of infants wuh cystic fibrosis, missed on 
screen-ng, and their symptoms at presentation 
1984/5 1986/7 


1983/4 1985/6 


Diarrhoea 
Chest nfection 


Asymptomatic 
Total *o/year 
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"None identified so far 
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Table 3 Age at diagnosis before and after screening 
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Year of Total No No missed on No wuh Median age at 
birth diagnosed screening meconium ieus diagnosis (range) 
Not screened 

1980/1 12 — 2 6 8 months 

(6 weeks-7 years) 
1981/2 13 — 2 4-5 months 

(4 weeks-4 years) 
1982/3 14 — 1 9-5 months 

(4 weeks-4-5 years) 

Screened 

1983/4 15 4 2 6 weeks 

(4 weeks-2 5 years) 
1984/5 14 6 1 6 weeks 

(4 weeks-23 months) 
1985/6 15 4 2 6 weeks 

(4 weeks-14 months) 
1986/7 16 0* 7 4 weeks 

(4 weeks-8 weeks) 


*None identified so far 


diagnosis of cystic fibrosis was made, since screening 
was commenced in August 1983, was six weeks, with 
a median age for infants born since August 1986 of 4 
weeks; this was due to the large number who had 
meconium ileus in that year. Fourteen infants not 
identified by screening were diagnosed at a later 
date, the oldest being 2-5 years. In the three years 
before screening, the median ages for diagnosis of 
cystic fibrosis were 6-8 months, 4-5 months, and 9-5 
months, and of children born in those years, the 
oldest age at which a diagnosis of cystic fibrosis was 
made was 7 years. 


DIAGNOSTIC VALUE OF THE SCREENING TEST 

On the basis of the screening results the sensitivity 
of the test was calculated as 6096, the specificity 
99-055, the predictive value of a positive result 34%, 
and the predictive value of a negative result 99-995. 
The sensitivity of the test was improved to 73% if 
this figure was calculated having excluded negative 
results in infants born with meconium ileus. The 
known incidence of cystic fibrosis in Northern 
Ireland during this four year period was 1/1807. 


Discussion 


All infants born in Northern Ireland during the past 
four years have had immunoreactive trypsinogen 
concentrations measured on dried blood spot speci- 
mens. These samples were taken at the same time as 
those used in the screening procedure for phenyl- 
ketonuria and congenital hypothyroidism. As a 
result of screening there has been a significant 


reduction in the age at which the diagnosis of cystic 
fibrosis is made. Furthermore, 20% of infants were 
judged to be totally asymptomatic at the time of 
diagnosis, and a further 17% had mild to moderate 
generalised symptoms not thought to be patho- 
gnomonic of cystic fibrosis At the time of diagnosis 
these children were about 6 weeks of age, and most 
did develop specific symptoms at a later stage. 

The region of Northern Ireland is a small one, 
with an annual birth rate of about 28 000, and there 
is not a great deal of population movement in and 
out of the region. There is one single large referral 
unit in Belfast for patients with cystic fibrosis On 
account of these factors very few patients are lost to 
follow up, and this may contribute to the fact that in 
this paper we describe a higher incidence of false 
negative results than have been indicated in previous 
reports. Three infants who were false negatives, but 
with results close to our cut off value in the first year 
of screening, would have been detected if the lower 
cut off value had applied throughout the time of 
screening. Two further false negative results were 
caused by one high followed by a low trypsinogen 
concentration, and this may have been because of 
incorrect timing of the second specimens, as initially 
raised trypsinogen concentrations in cystic fibrosis 
are known to fall to withun the normal range at 
varying rates in different infants.? In the remaining 
nine false negatives the results of screening were 
well within the normal limits, and no explanation 
could be put forward to suggest why the results were 
low in infants with cystic fibrosis. Of 12 infants born 
with meconium ileus, 10 had low results on screening, 
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a fincing which has beem reported m a number of 
studies.” ° As children Lorn wth meconium ileus 
snould be investigated for cystic fibrosis their low 
results o3 screening shou.d not cause a serious 
diagnostic problem, although it is important to 
emphasis2 the relationshig- Setw2en meconium ileus 
and low concentrations >£ immunoreactive trypsi- 
ncger. 

The nux ber of repeat soeimens requested during 
this pericd of screening wis very high. A second 
specimen :s obtained o3 all infants with results 
greater then the 95th certile for the assay; other 
centres quote much Icwer numbers of second 
specimens.° * In addition, tne fzlse positive rate for 
the screening assay was very high, with a false 
pesitive being defined as those having two raised 
immumoreactive trypsinczen results, but a normal 
sweat test, and no cliniczl signs of cystic fibrosis. 
Although the median t-“psincgen result for the 
second specimen showed z ‘erMency to be lower for 
false posizives compared wich those infants who did 
have cystic fibrosis, there was nc clear cut difference 
between “te groups. 

It is w:cely recognisec tnat definitive sweat test 
results are not always 2asy to obtain.!? In this 
context i: 1s often recommended that sweat tests 
should be carried out ty fully trained personnel, 
using a well defined prerccol” in the sweat tests 
carried out as a result of Dar screening programme 
we have found these fectors to be important. A 
receni rezort describes sxeat tests ın young infants 
with zn u.timate diagnosis cf cystic fibrosis, but with 
sweat socium concentratxcrs te. ow €0 mmol/l at the 
time of :ke first sweat t2;t.f Sight children with 
raisec trvpsinogen concertraticns in our screening 
programm: had a sweat sodium that was not 
sufficenty high at 6 weeks of age to confirm cystic 
fibrosis. ir seven of these <hi.dren equivocal sweat 
test resul-s were obtainec 51 a number of occasions, 
tut m cre child with aa imtial sweat sodium 
concentretion of 15 mmo ro further sweat tests 
were carried out until the ch:lc was 2-5 years old. 
Each of these children has subsequently been 
identifiec as having cyste fibrosis on the basis of 
clinical data, family histo-". trypsinogen results, and 
eventually all have beer saicwm to have abnormal 
sweat eleccralytes on thre2 seperate occasions. 

These results serve to rdicate that especially in 
younz children the sweet tes cannot always be 
considerec to be reliable. and a diagnosis of cystic 
fibrosis sa»uld be consicered 1f the clinical findings 
point to this, even in the: »resence of equivocal or 
normal swaat electrolyte zoacenzrations. In addition, 
we have found it necesszry tc establish appropriate 
reference ranges for sweat sodium and chloride 
concencrations in the pooulation of young infants 


requiring sweat tests as a result of positive trypsi- 
rogen screening values. 

From the description of symptoms seen in those 
children identified by screening as having cystic 
fibrosis, it can be appreciated that 20% were truly 
esymptomatic when diagnosed at this early age. 
An interesting feature was the number of infants 
presenting at 6 weeks with failure to thrive or 
inadequate weight gain. In most cases this was due 
to the mfant having diarrhoea In some cases the 
parents, particularly those of first born children, did 
cot realise that the child was having frequent bowel 
movements; they accepted their child as being 
rormal. Health professionals concerned with advising 
parents should be aware of the possibility of cystic 
fibrosis in an infant with mild diarrhoea or made- 
cuate weight gain. In several cases the parents had 
been advised that their child was allergic to milk 
products, although they were eventually shown to 
have cystic fibrosis. 

From the results in table 3 it can be seen that the 
median age at diagnosis for the screened population 
is less than that for children born in the three years 
before szreening. It 1s possible that additional false 
negative cases will be identified in the future. It 
should be noted, however, that in the last seven 
years the number of children in Northern Ireland 
shown to have cystic fibrosis has remained reasonably 
constant, with 13-16 children being diagnosed each 
year In addition, the overall known incidence of 
cystic fibrosis in Northern Ireland during the last 
four years is 1/1807, which is a high incidence, 
making it unlikely that there are many more 
unidentified infants with cystic fibrosis born during 
this period of time. 

In conclusion, this screening programme has 
resulted in a lowering in the median age at which the 
diagnosis of cystic fibrosis is made and a consider- 
eble reduction in the anxiety of parents with an 
undiagnosed sick child. It is also possible to offer 
genetic counselling to these parents. It must be 
recognised that in our hands immunoreactive trypsi- 
nogen has not proved to be an 1deal screening test 
for cystic fibrosis. The clinicians involved in the 
study, however, feel that because of the earlier age 
ct diagnosis in a large number of infants with cystic 
fibrosis the screen should continue for a further 
period cf time. It seems likely that other tests that 
closely reflect the underlying genetic or metabolic 
£bnormalities will soon become available. 


We would like to thank Professor E Trimble of the department of 
clinical biochemistry, Royal Victona Hospital, Belfast for her 
edvice and encouragement We are also grateful to the members of 
staff of the department of clinical biochemustry, Royal Victoria 
Hospital, and of the department of biochemistry, Royal Belfast 
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Two minute walking distance in cystic fibrosis 


C I UPTON, J C TYREELL, AND = J HULER 
Departmen: of Paediatrics, C.ty Hospitct, Nottingham 


SUMMARY We have evaliaced -he ‘two minute walking distance’ in children with cystic fibrosis 
as an objective measurzment of exercise tolerance. There was a strong correlation between 
walking d:stance and ferght in 89 normal children (r=0-72). Fifty children with cystic fibrosis 
showed a similar correlation (r=0-55) with a mean result of 94% of that expected for height 
compared with the normal children. There was a training effect in the normal children with the 
second welk being sigrafcantly better than the first, but this was not evident in children with 
cystic fibrosis. The test was reproducible with no significant change in 12 children retested 
after one :0 three morts. Sixteen caildren with cystic fibrosis admitted for treatment of chest 
disease showed a signif. cent improvement in walking distance with treatment. Children as young 
as 5 years old can perfo-m a walking distance test. It seems to be an objective way of assessing 


exercise tolerance and can help in evaluating response to treatment. 


It is often cifficult to show »»]ective improvement in 
the clinica. condition of 2atients durinz inpatient 
treatment for exacerbations.of chest disezse in cystic 
fibrosis. This has become more of z pro»lem with 
the development of an increasingly aggressive 
approach to managemert taat necesstates the 
admission of children xih pulmonary function 
closer to the normal range. Redding et a^ did show 
significant improvement i3 various measures of 
pulmonary function du7cmrg mpétient treatment. 
These, however, were in zaild-en who clearly had 
peor lung function; peek expiratory flow rate 
(PEFR) was 30% of 2xpected at admission, 
compared with 66% of that exoected in tae children 
admitted in our study. Ce-ny et al^ also reported 
improvement in lung fincticn during periods in 
hospital and additionally loo ced at exercise tolerance. 
They used an exercise t231 on a cycle =rgometer, 
however, and the patierts wzre mainly teenagers 
and young adults. Such studies are often not 
possible w.th younger children, even if the equip- 
ment is available, and it iz another consequence of 
more aggressive management that younger children 
require admission. Apari irom a simple PEFR it is 
difficult for them tc cooperate with lung 
function studies, let alons z2omolicated exercise 
tesis. 

Althouga easy to carry cett, deak flow testing does 
have drawbacks in assessing response to treatment, 
particularly in young chi cren. PEFR vznes during 
the day, and also in response to treatment such as 


bronchodilators and physiotherapy. Over a period 
of several days it is often difficult to correlate 
PEFRs done at different times and to draw appro- 
priate conclusions. This short term variability also 
means it is not particularly useful in looking at 
changes in lung function over a period of years. We 
have also become aware that some children ‘cheat’ 
with a peak flow meter, accelerating flow in the 
mouth with the tongue, a phenomenon also re- 
ported in older patients.? 

This led us to look into other ways of objectively 
assessing improvement in children with cystic fibrosis 
We have assessed night time cough charts and daily 
sputum weights as well as simple tests of exercise 
tolerance. It has been shown that the 12 minute,’ 
and two and six minute? walking distances are 
reproducible measurements of exercise tolerance in 
adult patients with chronic airways obstruction. In 
view of the short attention span of many young 
children, and the high reproducibility of the two 
minute walking distance," we decided to evaluate 
this test in our young patients with cystic fibrosis. 


Method 


Tests were carried out in an enclosed hospital 
corridor with no gradient along a 35 metre course 
marked at five metre intervals. Each child was asked 
to walx as fast as they found comfortable but not to 
run. Simple verbal encouragement was given at each 
turn. Walks of two minutes were timed by stopwatch 
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and the distance covered measured by tape from the 
nearest five metre mark. In view of the known 
training effect of exercise tests? two walks were 
performed wherever possible, with five to 10 minutes 
rest in between. The greater of the two distances 
was used for analysis. All tests were solo and 
therefore non-competitive. Age, height, and PEFR 
before and after the walk were recorded. All tests 
were conducted by one of two examiners (CJU 
or JCT). 

We tested three groups of children: group 1— 
normal children admitted for minor operations, and 
the healthy siblings of inpatients; group 2— well 
children with cystic fibrosis attending for routine 
clinical follow-up; and group 3—children with cystic 
fibrosis admitted for exacerbations of their chest 
disease, who performed the walking test before, 
during, and after treatment. 

Statistical analysis was by linear regression with 
Pearson's coefficient of correlation, and Student's 
paired and unpaired t tests. 


Results 


GROUP 1 

Eighty nine normal children completed the test (32 
girls and 57 boys, age range 5 to 16 years, mean 
914 years). The preponderance of boys is a reflection 
of their higher admission rate for minor operations. 
There was no difference between the boys and girls 
when results against height were compared using the 
t test (p>0-05). Fig 1 shows the scattergram of 
walking distance against height for these children 
with the regression line and 10th and 90th centiles. 
There was a strong correlation between them 
(Pearson correlation coefficient 0-72; p<0-0001) 
and also between walking distance and both age and 
PEFR (r=0-71 and 0-67, respectively). To look at 
the effect of training the first walk was compared 
with the second. There was a significant improve- 
ment on second testing (p<0-01), confirming the 
results of adult studies. 


GROUP 2 
Fifty children with cystic fibrosis took part (27 girls 
and 25 boys, age range 5 to 16 years, mean 
11 years), and 12 of these did the test on more than 
one occasion. Fig 2 shows the best recorded walking 
distance of each individual child plotted against 
height, with the regression line, and 10th and 
90th centiles for the normal children super- 
imposed. There is positive correlation between 
walking distance and height in the children with 
cystic fibrosis but with greater variation (Pearson's 
correlation coefficient 0-56, p<0-0001). 

Most of these children had measurements less 


340 


Walking distance (metres) 
Nh nN NO ~ 
D IL e 
oO ô Oo 


g 





S ES Cae me EN Ve ee ee! See! ee eee R 
90 100 110 120 130 140 150 160 170 180 
Height (cm) 
Fig1 Two minute walking distance plotted against height 
in 89 normal children ( 50th centile, — — — — 10th 
and 90th centiles). 


340 





320 


Walking distance (metres) 
NQ 
MÀ 
O 


160 





90 100 10 120 130 140 150 160 170 180 
Height (cm) 

Fig2 Two minute walking distance plotted against height 

in 50 children with cystic fibrosis (: 50th centile for 

normal children, - — — — 10th and 90th centiles for normal 

children). 





1446 Upton, Tyrrell, Hue 
280 


ee 
270 
230p ————— ln 
250 
240 


e 


— 


p 


Walking distance (metres) 
o o 


" 
a 
e 


180 
520 
160 
150 
Tee = Ee VN 
0 1 2 3 
Time (mortas) 
Fig3 Two manute walking distar.ce plotted agaiast time in 


12 children wich cystic fibrosis m stable clinical ccndition. 


than but close to the rez-esson line for normal 
children (mean (SD) 93.7 | 99)% that of tae normal 
group). wita 10 recorded valves below the tenth 
centile for normal children. Lhe differences between 
the normal children and ihose with cystc fibrosis 
were significant (p« 0-001). Agem there was positive 
correlation »etween walking distance anc both age 
and PEFR (r-0-56 and 0-67, respectively). 

First and second walks were azain compared and, 
interescingly, there was 23 sznificant difference 
between the two in the ch LEen with cystic fibrosis. 
This szems to rule out g tra ning effect in the 
children wizh cystic fibres s, but to assess repro- 
ducibilty of the walking <listance furthe-, 12 chil- 
dren vith cystic fibrosis -epez'ed the test one to 
three monttks after initial testing (seven girls and five 
beys, ege range 5 to 15 years, m2an 10 yezrs). Their 
clinical condition was thouzh: to be unchanged: 
mean {SD) PEFR 95-2 122-5:76 of the expected 
value on the first test, enc 94-6 (2.-6)% on 
subsequent testing (NS). Tae largest ckange was 
+15% Chenges in walking dizance with time are 
shown in fig 3. There is litde var ation in each child's 
performanc2: mean (SD) values were 96-7 (12)% of 


expected on the first test, and 95.6 (12)% on 
subsequent testing (NS). The largest change was 
—5-9%. The mean coefficient of variation calculated 
from all four walks for each child over two tests was 
Just 2-675 (range 1-9-5-9%). 


GROUP 3 
Sixteen children with cystic fibrosis receiving in- 
patient treatment performed serial walks while in 
hospital (9 girls and 7 boys, age range 6 to 16 years, 
mean 12/5 years; one patient was tested twice). In 
addition to intensive physiotherapy, all but two of 
these patients were treated with intravenous anti- 
biotics for exacerbations of chest infections caused 
by Pseudomonas aeruginosa (one received nebulised 
antipseudomonal antibiotics and one an oral anti- 
biotic for infection with Staphylococcus aureus ). 
The results are shown in fig 4. There was 
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during 17 courses of inpatient treatment. 
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significant improvement in the percentage of 
expected walking distances at the end of inpatient 
treatment compared with the beginning (p<0-005). 
Mean (SD) values were 83-3 (10-9)% of expected on 
admission, and 90-8 (11:2)% at discharge. The 
largest change seen was +23-8%. These changes are 
significantly different from those 1n the untreated 
group (p<0-005) and occur over a much shorter 
period of time. 

The PEFR in these children was 66-1 (18-3)% of 
expected on admission and 80-1 (17-1)% at discharge. 
This change was also significant (p«0-005). The 
largest change was +52%. Thus we have shown 
significant changes in both PEFR and walking 
distance with treatment, these differences not being 
present in the untreated group. PEFR showed more 
short term variability 1n both groups, as expected 
from the increased bronchial lability in cystic fibrosis.’ 

We were wormed that the walking distance would 
only be discriminatory in the children with the worst 
respiratory function. For further analysis, therefore, 
the treated group were split into the fittest and the 
least fit eight children by PEFR and walking 
distance Walking distance was significantly improved 
after treatment in both the least fit eight children 
(p«0-05) and the fittest eight children (p<0-01). 
PEFR was also significantly improved with treatment 
in the least fit eight children (p<0-02), but there was 
no significant difference 1n the fittest eight children. 
These results were consistent whether the group was 
divided by PEFR or by walking distance. This 
suggests that as respiratory function nears the 
normal range walking distance is a more discrimina- 
tory variable than PEFR, which is presumably 
because of the short term variability in PEFR. 


Discussion 


In adult patients 12 minute walking distance is a 
reproducible measurement that correlates with other 
measurements such as forced vital capacity and 
oxygen consumption.* The two and six minute tests 
have been shown to be equally reproducible, and 
correlated well with the longer test.) Rather than 
purely reflecting pulmonary function, such simple 
tests of exercise tolerance may give an indication of 
other factors important in day to day life such as 
motivation and endurance.? We feel this is an 
important aspect to consider when reviewing the use 
of such tests. Walking is an essential part of 
everyday life and a familiar activity to young 
children. By using it in an exercise test one can gain 
some insight into functional disability in daily living. 

We found that in general children enjoyed taking 
part in the test—regarding it as a game—and 
cooperation was good even among the younger 


children. The fun element in the test was, we feel, 
an important part in gaining this cooperation. A few 
teenage girls were reluctant to take part and in this 
group we also ran into problems with unsuitable 
footwear; this usually resulted in a walk in bare feet 
or slippers. In spite of this only two children failed to 
complete the test, and one would not do the second 
walk. On two occasions children started to jog and 
the test was then stopped and restarted after a rest. 
As the tests took place 1n a hospital corridor there 
were times when it was congested, but it rarely took 
longer than five minutes to clear sufficiently to 
perform the test reliably. Children were asked to 
keep to one side of the corridor, both to limit lateral 
movement affecting the distance achieved, and to 
allow passage to others. The length of corndor is 
important, as it needs to be short enough to allow 
communication from one end to the other but long 
enough to let children get into their stride. Thirty 
five metres is a similar distance to that used 1n adult 
studies.? Encouragement was given at each turn, but 
not in between as this 1s known to affect results (at 
least in a six minute test).? 

It is important to consider the effect that repeated 
tests have on results. Adult studies have shown an 
important effect of training, although there was no 
significant difference between second and third 
testing.* í For this reason we did not feel justified ın 
asking the children to perform more than two tests 
at any one sitting. Our study confirms the significant 
effect of training between successive walks in normal 
children, but not in the children with cystic fibrosis. 
This contrasts with the adult study of McGavin et al* 
although they used a 12 minute walk and the tests 
were performed on different days, though one 
would expect that, if anything, this would make a 
training effect less likely. Another alternative is that 
our children with cystic fibrosis were tired from the 
first walk and the effect of training was therefore 
abolished. This is not supported by our results; there 
was no significant reduction in walking distance, nor 
was the walk sufficient to cause a significant drop in 
PEFR in any child, either with cystic fibrosis or 
normal. We were also careful to avoid testing 
children who were obviously tired; in practice the 
deasion to embark on the second walk was left to 
the individual child, usually after a five to 10 minute 
rest. 

The good reproducibility seen over one to three 
month periods in children with cystic fibrosis 1s 
further evidence that training is not having a great 
effect in this population. The variation seen is much 
smaller than that in adult studies using the 12 minute 
distance./° It has been suggested that the increased 
variability in the longer test implies better dis- 
crimination," but no evidence for this was provided. 
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Although this may be true ia en adult pcpulation, 
we feel that a longer test + >hildren woud merely 
create more scope for ranixm variation end error, 
not to mention boredom 1a the children. 

Idea ly we would have ixsd to have smdied the 
normal children over similar time periods to those 
used to assess reproducibuliry :n the chuEiren with 
cysuc f brosss, to confirm trsreproducibil-ty. As the 
study was hospital based, ko-vever, and the children 
were undergomg minor 5>2rétions, this was not 
feasible. In spite of this, we wculd agree with 
Butland ef al that the ewidence points to a small 
effect of training in the tvo- minute walk ? We feel 
the problem is largely overcome by taking the 
loages- cf two successive walks. 

In view o: the apparently small training effect and 
the good re»roducibility we ‘eel thet the increase in 
walking distance during in»a-ieat treatmeat is a true 
reflecton of the subjective improvement of the 
patiens. This may not Le purely a result of 
improved lung function, ba: als> caused b~ improve- 
ment in general wellbeing sad morale We have also 
shown that this improvement ts not soEly in the 
worst affecced children, end taat walking distance 
may have an advantage over PEFR in discriminating 
between improvement in zaldren with near normal 
lung function. 

In zddition to the usmai m2asurememts of lung 
function, we are now usir c he two minute walking 
distance to monitor chamges in patient: admitted 
with exacerbations of cystc fioros:s. We believe it 
gives useful objective infcrmat.on that may comple- 
ment lung function meastremencs, and has the 
added advantage that it coeld be used ia a district 
general hospital without cess to a lurg function 
laborztory. It may also supply he. pful evidence in 
support of applications fcr mobility allowances. 

We row intend to saly children at regular 
intervals after discharge "rcm hospital tc see if the 
improwement is sustained zrd whether there is a fall 
before further exacerbatiom:. We also int=nd to look 
at changes over a lonze- period and examine 


possible relationships with clinical scores such as the 
Shwachman score. Such a guide to ‘everyday 
disability' may even be useful in contributing to the 
‘overall wellbeing’ portion of the Shwachman score, 
which is extremely subjective. 

We conclude that the two minute walking distance 
iS a reproducible test which can be performed 
reliably by children as young as 5 years 


JCT 1s a clixucal research fellow supported by the Cystic Fibrosis 
Research Trust 
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Acceptance of domiciliary theophylline monitoring 


using dried blood spots 


JM RATTENBURY* AND J TSANAKAST 


Departments of * Chemical Pathology and { Paediatrics, Children's Hospital, Sheffield 


SUMMARY Filter paper cards incorporating dried blood spots for the measurement of theophyl- 
line concentrations were returned by 62 out of 100 asthmatic children sent kits with instructions 
for their collection. Analysis of the blood spots showed that 37 (61%) of the children who 
returned them had less than therapeutic blood theophylline concentrations, in 21 (34%) they 
were therapeutic, and in three (5%) they were potentially toxic. The results indicate that most 
asthmatic children would comply with requests for home monitoring of theophylline concentra- 
tions, and that only one third of children receiving theophylline achieved blood concentrations 


within the therapeutic range. 


Theophylline is widely prescribed for the prophylaxis 
of bronchospasm in asthmatics but its use is attended 
by difficulties caused by its narrow therapeutic 
range, its potential toxicity, and its variable phar- 
macokinetics.! ^ Prescriptions for theophylline are 
tailored mainly by the effectiveness of the relief of 
symptoms and the avoidance of side effects, but the 
monitoring of blood theophylline concentrations is a 
desirable part of treatment. Such monitoring can 
indicate compliance with and tolerance towards the 
prescribed dose, but requires patients to attend a 
hospital clinic or family practice for blood collection. 

Dried blood spots have been used for the measure- 
ment í of a number of substances including theophyl- 
line,* and their stability and convenience permit 
samples to be posted to the laboratory. Such 
methods are technically feasible, but their use 
depends upon the willingness of patients to provide 
samples. We have therefore examined the response 
of 100 asthmatic children and their families to a 
request for dried blood spots for theophylline 
assays. Analysis of the dried blood spots has 
provided information about blood theophylline 
concentrations in asthmatic children from samples 
collected at home. 


Patients and methods 


‘Patients at the Sheffield Children’s Hospital were 
identified as receiving theophylline from prescrip- 
tions dispensed by the hospital pharmacy and from 
requests for measurement of plasma theophylline 
concentrations received in the laboratory. One 


hundred outpatients were recruited into the trial 
from these sources over a period of six months. 
Written permission to study their patients was 
obtained from consultant paediatricians and approval 
for the trial was given by the hospital ethical 
committee. Patients’ demographic details as well as 
their addresses, theophylline doses, and preparations 
taken, were extracted from the clinical records. All 
patients were asthmatics of varying degrees of 
severity and duration. Some were also receiving 
other medication for asthma. 

Each patient entered into the trial was sent a kat 
addressed to ‘the parent or guardian of....... 
that contained: a letter to the parent or guardian 
explaining the purpose of the trial; instructions for 
two fingerprick blood samples to be taken four 
hours after the morning dose of theophylline; a filter 
paper card to receive the blood spots with spaces for 
the patient’s name, the date and time of sampling 
and of the last dose of theophylline to be entered; 
two sterile lancets; a photocopy of a filter paper card 
showing how correctly taken blood spots should 
look (figure); and an envelope with a first class 
stamp on it addressed to the laboratory. 

If there was no response one month after sending 
the kit, a reminder letter was sent with panels for the 
parents or patients to tick to indicate why the sample 
had not been sent. The date of receipt of cards in the 
laboratory was noted and they were stored desiccated 

—20°C. 

Discs 6 mm in diameter were punched from dried 
blood spots taken from storage and analysed for 
theophylline by a method described elsewhere.’ 
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“Tco small Teo big 
Maka sura ~cur blood spots ers gooc ones and "ili the 


circles, or we will not te eb &to test ther 


Figure Deraorstration card sert ow wuh collection kits 
Showing how correctly taken bood spats should Dok. 


This ccnsis-s oz autoclaving the dried blood spots to 
fix pzrctein, eluting theophylline with water and 
measiring tır the eluate æ erzyme immunoassay 
(EMIT). Dried blood spots were considered suitable 
for aralysis iz the discs puncked from them contained 
blooc spread evenly over the "whole of each side. 
Driec blood spots that did not rulfil these criteria 
were ceemmd unsatisfacto-r. and discs difficult to 
categorise were classed as doubtful. The batch to 
batch coefiizients of varzticr of the assay for 
quality cortrol samples nr curing the trial were 
5:4% at 5-4 mg/l, and 63% at 18-6 mg/l. The 
derived therapeutic range of theophy_line concen- 
trations by this method :s 7-14 mg/l. Plasma 
theophylline was measurec by high percormance 
liquid chromatography? wi E a therapeutic range of 
10-2C mg/l. 


Results 


Of th» 100 children recruited, 64 were bows and 36 
girls wath a median age at the time that the kits were 


distributed of 4 years 1 month (range 14 months to 
15 yeazs 9 months) (table). Seventy seven of the 
children were receiving sustained release theophyl- 
line pr2parations, 67 of the prescriptions being for 
Slo-ph-llin (Lipha Pharmaceuticals Ltd, West 
Draytcn), eight for Theo-Dur (Fisons plc, Lough- 
borough), and two for Phyllocontin (Napp Labor- 
ories Lzd, Cambridge). Nine children were receiving 
the nor-sustained release preparation Nuelin (Riker 
Laboratories, Loughborough) and 14 children had 
stoppe« taking theophylline. The mean daily dose of 
theophylline was 300 mg with a range from 60 to 
1350 mg for regimens that varied from one to four 
doses z day. 

Cards incorporating dried blood spots were 
returned by 62 patients (62%). Forty eight (77%) of 
the cards returned had at least two satisfactory dried 
blood spots, and a further six (10%) contained at 
least ome such spot. It became apparent that results 
from setisfactory and doubtful dried blood spots did 
not difser significantly and the latter were therefore 
included in the summarised results. Duplicate results 
were thus obtained from 56 cards (90%) and single 
results from five (8%) Only one card contained 
wholly unsuitable spots and these results were 
excluded from analysis. The mean time between kits 
being sent out and cards returned was 14 days, range 
3 to 81. Reminders were sent to 33 patients who had 
not retirned cards one month after the kits were 
dispatcaed, and six completed cards were returned 
after this. 

Sixty (9796) of the cards returned had the date of 
collection of the dried blood spots recorded as 
requested. These gave a mean time of 2-1 days 
(range D to 9 days) between blood spot collection 
and receipt by the laboratory. The instructions sent 
out wita the kits required that samples be taken four 
hours efter the morning dose of theophylline and 
that these times should be recorded. Twenty five 
(40%) of the returned cards showed that this 
request had been complied with, but in addition 
three patients indicated that they had collected their 


Table Response rates and thccphy.line concenzations for dried blood spots requested from children at home 


Age group No Ao (95) of 
(years) in trial cards returned 
1-2-3 48 25 (S296) 
4-6 29 17 (5"X) 
7-15 23 2) (8796) 
Total 100 62 (6296) 


No »f results Dried blood spot 
wit! in the therapeutic theophyllme 
ranze of 7-14 mgl? concentrations 


(% of 61 cards returned 
wit? satisfactory spots) 


(mean (SEM) mg/l) 


10 40%) 6 67 (0-85) 
6 3596) 6 43 (0 86) 
5 25%) 4 72 (0 99) 

21 34%) 5 96 (0-53) 


A. 
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samples five hours, one patient eight hours, and one 
patient nine hours after the last dose. 

The mean dried blood spot theophylline concen- 
tration of the 61 patients whose cards could be 
analysed satisfactorily was 5-96 mg/l with a range of 
0 to 15-7 mg/l. When concentrations were compared 
with the therapeutic range of 7 to 14 mg/l for this 
method, 37 (6196 of these children) had less than 
therapeutic concentrations, 21 (3476) had therapeutic 
concentrations, and three (5%) had concentrations 
above the therapeutic range. Of the 38 children who 
did not return spots, 12 were found subsequently to 
have discontinued theophylline and six parents 
informed us that they were unwilling or unable to 
collect the dried blood spots themselves. During the 
trial, and independently from it, 43 blood samples 
(32 outpatient, 11 inpatient) were sent to the 
laboratory from 38 of the chilren in the study for the 
measurement of plasma theophylline concentrations. 
Of these samples, 56% showed less than therapeutic 
concentrations, 42% showed therapeutic concen- 
trations, and 2% showed concentrations above 
the therapeutic range for theophylline in plasma 
(10-20 mg/l). 


Discussion 


Various methods for the measurement of theophyl- 
line in dried blood spots have been reported?” but 
there have been no studies to investigate the 
acceptance of dried blood spot samples by patients. 
In the present study 62 of 100 unselected paediatric 
patients complied with a request to send dried blood 
spots for theophylline assay. The true response 
rate, however, was 72% if the 14 patients who 
discontinued theophylline during the trial are 
excluded. This is a favourable response from families 
approached by letter alone, and may be compared 
with a response rate of 67% for a clinic based study 
of dried blood spot glucose estimations in diabetic 
children over 7 years of age.? Most of the samples 
received in the present study were suitable for 
duplicate analysis and only one returned card was 
completely unusable. This also compared favourably 
with the glucose study in which 17% of returned 
dried blood spots were unsuitable for analysis. 

The proportion of boys to girls in the study and 
the age distribution were typical of asthmatic 
patients receiving theophylline in this hospital. The 
predominance of younger children (table) reflected 
the use of theophylline as prophylaxis in children 
too young to use inhalers. Compliance with the 
request to supply dried blood spots increased with 
age. 

Instructions for collecting the dried blood spots 
gave no indication of urgency and if the cards come 


into general use, effort may be required to persuade 
patients to respond more promptly. On the other 
hand, the mean time between collection of the blood 
spots and return of the cards to the laboratory was 
acceptable at 2-1 days, as theophylline in dried 
blood spots ıs stable for at least one month. Twenty 
five of the returned cards (40%) indicated that the 
specimen had been collected four hours after the last 
theophylline dose as requested, and these had a 
mean (SEM) concentration of 6-0 (0-81) mg/l. The 
mean concentration for dried blood spots from cards 
that did not carry this information was not signifi- 
cantly different (5-93 (0-71)) and this suggests that 
more patients compled with the required sampling 
time than those who recorded it on their cards. The 
proportions of all children who returned dried blood 
spots and who had theophylline concentrations that 
were less than therapeutic (61%), therapeutic 
(34%), or potentially toxic (5%) were similar to 
those who indicated that the samples were collected 
four hours after the last dose (64%, 32%, and 4% 
respectively), and both groups included fewer 1n the 
therapeutic range than the plasma theophylline 
concentrations requested for routine monitoring. 

Studies in adults have shown that up to 70% of 
patients may have less than therapeutic concentra- 
tions of theophylline,” 1° and in children 98% of 
those receiving a non-sustained release theophylline 
preparation were less than therapeutic. The 
proportion of children with therapeutic concentra- 
tions decreased with age and did not include an 
over 11 years old. There was no correlation (r=0-19 
between doses of theophylline prescribed and dried 
blood spot concentrations, with no improvement if 
only results from spots noted to have been collected 
four hours post dose are analysed. Six children had 
dried blood spot theophylline concentrations of less 
than 0-1 mg/l, suggesting that the theophylline 
prescribed was not being taken. 

The results of this study are encouraging with 
regard to the willingness of paediatric patients and 
their parents to provide samples for dried blood spot 
analysis. Patients were only asked to take samples 
on one occasion and a more prolonged investigation 
would be required to see whether the response rate 
changed if regular sampling were requested. Super- 
vision of the sampling arrangements from outpatient 
clinics might help to maintain compliance. The 
distribution of theophylline concentrations in the 
analysed dried blood spots supports previous reports 
that theophylline prescribing is conservative. It is 
recognised that the clinical response (such as an 
improvement in the forced expiratory volume in the 
first second) to prescribed theophylline is of prime 
importance, because symptoms may be relieved 
when circulating concentrations are below the 
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therapeuciz range. "^ Nevertheless the availability of 
a dlcmicilizry monitorimg service based on dried 
blood spot analysis wouH complement such assess- 
ment and give physiciars additional confidence to 
prescribe en appropriate theophylline regimen. 


We thank tke consultant paediaw-crans who agreed t3at children in 
their care coLH enter this studt, Professor R D G Milner for his 
eacouragenren and helpful susson, Mrs Ruh White for 
collatiag rmnio-mation, the Shefacld Aschma Societ: for financial 
assistance, en= Mrs Angela Gibt for typirg the manuscript. 
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SUMMARY Low molecular weight IgM, the monomeric subunit of pentameric IgM, was clearly 
detected by immunoblotting and filtration chromatographic techniques in six patients with 
juvenile chronic arthritis and in trace quantities in a further eight of 24 patients studied. This low 
molecular weight IgM moiety contributed up to 33% of the total circulating IgM and was strongly 
associated with raised serum concentrations of IgM and the presence of antinuclear antibodies, 
extractable antinuclear antibodies, and rheumatoid factor. Immunoblot analysis of positive 
serum samples showed small quantities of other low molecular weight oligomers of IgM in 
addition to monomeric IgM. It is postulated that the presence of low molecular weight IgM in the 
serum of patients with juvenile chronic arthritis reflects a disorder of the intracellular assembly 
of IgM subunits during a stimulated IgM immune response. The pathogenetic role of low 


molecular weight IgM remains uncertain. 


Low molecular weight IgM is the monomeric 
subunit of pentameric IgM, the latter being the 
normal circulating form of IgM. It is not found in 
serum from healthy adults but traces are seen in a 
few samples from neonates.! ? It is also described in 
certain autoimmune, infective, immunodeficient, 
and B cell lymphoproliferative disorders, and in 
these disorders low molecular weight IgM may 
constitute a considerable proportion of the total 
serum IgM.! The clinical significance of low mole- 
cular weight IgM is far from clear. Various acquired 
and autoantibody binding activities have been 
ascribed to this molecular moiety of IgM and its 
frequent occurrence in immune complex associated 
diseases suggests that it may have an important 
pathogenic role.* Furthermore its common associa- 
tion with chronic infective disorders such as chronic 
viral hepatitis? and syphilis* raises the possibility 
that it may be less efficient at clearing micro- 
organisms from the host than the pentameric mole- 
cule; indeed, the agglutinating and precipitating 
activity of synthetically prepared low molecular 
weight IgM antibody is either weak or non-existent.” 

Low molecular weight IgM has not been previous- 
ly described in either healthy or diseased children. 
In this studv we have observed its presence and that 
of other IgM oligomers in a number of patients with 


juvenile chronic arthritis, and have noted its associa- 
tion with certain autoantibodies and with raised 
serum IgM concentrations. 


Patients and methods 


Twenty four patients with juvenile chronic arthritis 
as defined by European League Against Rheu- 
matism (EULAR) criteria were studied.? Of these, 
one girl had systemic onset disease, 19 children had 
pauciarticular onset (15 girls and four boys), and 
four had polyarticular onset (three girls and one 
boy). Seventeen of the patients had antinuclear 
antibodies (16 girls and one boy), and four had HLA 
B27 (three boys with pauciarticular onset, and one 
girl who also bad antinuclear antibodies). Two girls 
with antinuclear antibodies and polyarticular onset 
also had weakly positive latex agglutination tests for 
rheumatoid factor, and one of these girls had an 
elder sister with rheumatoid arthritis. All patients 
had had active disease for at least one year before 
the study and most were taking non-steroidal anti- 
inflammatory drugs; several were also having agents 
to encourage remission (gold or penicillamine) 
Control subjects comprised 15 healthy adults, five 
children with minor atopic disorders, and 21 
immediate family members of the propositii (1n- 
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clud.ng .3 siblings). Blood was obtainsd by ante- 
cubical venepuncture in all ins-ances and the serum 
samples were stored in smal aliquots at —70°C. 

Low mclecular weight _gM was measured by two 
methods firstly, by gel Altratior chromatography 
wich IgM. enzyme linked immunosorbent assay 
(EL:SA) This was done as described by Koh et al.’ 
Serum was chromatograched on a Sepaacryl $300 
90x 5 column and the f-accons analysed for IgM 
by compeitive inhibition ELISA. A second IgM 
peak elucing just before the IgG marker position 
indicated the presence of Low molecular weight IgM 
and rs coacentrations we-e quantified by 5lanimetry. 

Tke second method wsed was IgM immuno- 
blettng. This was done as described by Harnes 
et ai? Se-um was su5jextec to sodium dodecyl 
po.yacrylamide (3-695) gel electropLoresis and the 
separatec proteins transferred t5 n:tr»cel ulose. IgM 
bands wa-e identified with a u chain specific 
antiserum '"Dakopatts) and visualised with an avidin 
biotin, alxaline phosphatase, zubstra:e svstem. 

Secum I2M was measvred py rate nephelometry 
(Becxmans ICS), which 1s not inflcenced by the size 
of the protein being quertifizó.? Antinuclear anti- 
bodies was measured by .ndi-ect immuaofluoresc- 
ence on -IEp-2 cell line substrates using standard 
tecariques All serum samples were initially 
screened at a dilution of 1 10 and a positive reaction 
recorded f nuclear fluorescence was detected at this 
dilution. Extractable ancmuc.ear antibodies were 
measired by counterimmcuncelectrophoresis in 1% 
agarcse using rabbit thymus extract and K562 cell 
culture extract as the extractable antigens. Rheuma- 
toid factor was assessed by latex agzlutination 
(Behring). All these immunolcgaca. techniques have 
been stardardised and zre ir regular use in our 
departmeat. 


Resuks 


Moncmerc IgM was cleer‘y ev.dent in sx patients 
and trace quantities were 55served in a fu-ther eight 


Table  As-ociation of low mo.ecular weight IgA, 


autcar tibocies and serum IgM 1n juvenile chronsc arthritis 


Low molecular weight IgM 


Fosare — Trace" Negative 
(12:6) (ns 3) (n= 10) 
Mean :gM concentration (g/l) 3 18 1:56 133 
Antau-lear amtibodies present 5 7 4 
Extractable irtinuclear 
antibodies present E 1 2 
Rheumatoid factor present 2 J 0 


*Low nolecalar weight IgM band just visinle on mmunoblot 


patients with the immunoblot technique (table). 
Furtiermore, small quantities (faint bands) of 
dimeric IgM and species migrating above and below 
this moiety were also evident in these six patients 
(fig .) indicating the presence of other low molecu- 
lar weight IgM oligomers. In each of these six 
patieats the presence of low molecular weight IgM 
was -erified by the filtration chromatography tech- 
niquz, which showed that it constituted between 10 
and 33% of the total IgM as assessed by planimetry 
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Fig1 Dexsitometnic scan of immunoblot of serum from 
healthy control showing only the presence of pentameric 
IgM (penel a), and of serum from patent with chronic 
juvenile arthritis containing monomeric IgM and other 
low mo ecular weight IgM oligomers in addition to 
pentam21 ic IgM (panel b). 
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(fig 2). Of the six patients clearly positive for low 
molecular weight IgM, four had pauciarticular and 
two had polyarticular onset juvenile chronic arthritis, 
and all cases had detectable antinuclear antibodies 
with titres of 1:40 (four patients), 1:80, and 1:320. 
In addition, the mean serum IgM concentration for 
these patients was significantly higher than for the 
patients without low molecular weight IgM (p<0-01, 
X^ test), four of these patients had undefined 
extractable antinuclear antibodies, and two had low 
titres of rheumatoid factor (latex agglutination 1:20) 
(table). In contrast, none of the 15 healthy adults or 
five atopic children had low molecular weight IgM 
as assessed by the filtration chromatography tech- 
nique. Trace quantities of low molecular weight IgM 
were visible, however, using the immunoblot 
technique in two of the samples from the healthy 
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Fig2 Sephacryl $300 filtration chromatography IgM 
elution profiles. Eluting postition of marker proteins are 
indicated. Panel a: serum from healthy control and panel 
b: serum from patient with chronic juvenile arthritis 
illustrating presence of low molecular weight IgM. 


adults and eight of the samples from the family 
members, and faint but clearly discernible low 
molecular weight IgM bands were observed in a 
further seven family members. Of these latter 
subjects, six were clinically asymptomatic, one had 
rheumatoid arthritis, and all but one had antinuclear 
antibodies or extractable antinuclear antibodies, or 
both, and had a mean serum IgM concentration of 
1-64 g/l. None of the three boys with B27 associated 
juvenile chronic arthritis had either low molecular 
weight IgM or autoantibodies, but low molecular 
weight IgM was seen in one B27 positive girl who 
had pauciarticular onset juvenile chronic arthritis 
and antinuclear antibodies. 


Discussion 


This study has clearly shown monomeric IgM and 
other low molecular weight IgM oligomers in six of 
24 patients with juvenile chronic arthritis. Low 
molecular weight IgM seemed to occur most often in 
those patients with high serum concentrations of 
IgM and with the autoantibodies antinuclear anti- 
bodies, extractable antinuclear antibodies, and—to 
a lesser extent —rheumatoid factor. Small quantities 
of low molecular weight IgM and autoantibodies 
were also seen in other asymptomatic family mem- 
bers of these six patients, but were not seen in 
healthy adults or in five children with minor atopic 
disorders. No attempt was made in this study to 
correlate the quantity of low molecular weight IgM 
with clinical indices that reflected disease activity or 
severity because of the limited clinical data made 
available to the investigators. 

The role of low molecular weight IgM in human 
disease is unknown.” It has been previously associ- 
ated with a number of autoimmune conditions such 
as rheumatoid arthritis, systemic lupus erythemato- 
sus, and primary biliary curhosis, and is usually 
found in those patients who have more florid 
disease, often associated with high serum concentra- 
tions of IgM, autoantibodies, and immune 
complexes.! It has also been described in a number 
of chronic infective disorders including infective 
endocarditis,’ chronic viral hepatitis,? and tertiary 
syphilis.* In the last two conditions, low molecular 
weight IgM occurs in a high proportion of affected 
subjects, in contrast to the acute initial infection 
where specific IgM 1s found only in the normal 
pentameric state. It is therefore possible that the 
presence of low molecular weight IgM leads to 
ineffective clearance of the micro-organism from the 
host, thereby facilitating chronic infection. Unfortu- 
nately in the current study we were unable to 
comment on the presence or absence of any possible 
infective illness either preceding the onset of the 
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arthwitic illaess or imme-d:atefy before tre collection 
of blood samples for kw molecular weight IgM 
arafysis. 

Tae finding of low molecular weight IgM in 
patients wth juvenile chronic arthritis and 1n some 
of tae faraly members in zssociation with specific 
autcantiboclies and hign comcentretiors of serum 
IgM is of some interes-. Traces of low molecular 
weight Igl4 are found omfy in serum samples from a 
few neonztes, and never in serum from healthy 
adults.” Formal studies kave rot yet beem performed 
in children tut it seems Leh‘, unlikely that it will be 
tour d in healthy childrem. What then 1s the explana- 
tion for the occurrence cf lov: molecular-weight IgM 
in these ciikiren with reni e ckrcnic arthritis? A 
nuntber 07 theories have besa proposec to account 
for zhe presence of low mc.ecular werght IgM in 
hummn dissase.^ It is no caused by a degradative 
process einer in vivo or -n vitro, and tkere is good 
evidence m certain dBzases that it is actively 
secreted ın tne monomer form im v-tro.1? The close 
association with high serum IgM coacertrations (as 
aze also foand in a numozr of diseases n adults! 7} 
and ihe presence of other oligomers of IzM, suggest 
that its presence is a coaseqrence of rapid rates of 
IgM synthesis and secre-ion with a -esu tant distur- 
bance of assembly of the ow molecular weight IgM 
sudcnit drrng polymerisation. Pcssibe explana- 
ticns. for thas disorderec assembly could be altera- 
tine in tre quantity cr function of the J chain 
polyveptide that seem: to play a vital part in 
polymerisacion, structural alterauons m the IgM 
monomeric subunit (fer example. g ycosylation 
defe-ts), or alterations ın the quantity or activity of 
the enzymes concerned in polymerisation (for 
example, :tIphydryl oridase!). In vitro studies 
using an IgM secreting hamer cell line are currently 
beinz perfcrmed in an attempt to ezam-ne some of 
these possi»ilities. 

Does the presence of zirzulatiag low molecular 
weight IgM have any pachogenetic consequences in 
juvenile czronic arthritis? Vere cennot answer this 
question. -3 adults, howzver, there is good circum- 
stantial evilence linking the presence o? low mole- 
cular weigtt IgM to active or florid disease and—in 
the case nf systemic uprs ervthematosus—to 
increased mortality ^ Furthermore, several auto- 
ancitody activities, including entinuclear antibodies, 
have been ascribed to lox molecular weight IgM. 
Hence we feel that a smilar association may be 
found in ju.enile chronic arthritis. If so, ıt will then 
be n2cessary to determine wether the »resence of 
low molecular weight æM -s detrimental to the 


nature and course of patients with juvenile chronic 
arth-itis, and see if there are any means of reversing 
the abnormal IgM humoral response so that it 
procuces fully polymerised IgM (and thereby hope- 
fully arrests the course of the disease) 

In conclusion, we have observed the presence of 
low nclecular weight IgM in patients with juvenile 
chronic arthritis for the first time and have suggested 
that 1ts occurrence is associated with a disorder of 
assembly of the IgM subunits dunng IgM poly- 
merisation. 


We thank all the patients with juvenile chronic arthritis and therr 
familiss who contributed blood for this study, Ms Diane Autio for 
typing the manuscript, and the Arthritis Foundation of Australia 
and tne National Health and Medical Research Council for 
financal assistance 
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Chest pain of gastrointestinal origin 


S BEREZIN, M S MEDOW, M S GLASSMAN, AND L J NEWMAN 
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SUMMARY "Twenty seven children who had been diagnosed as having idiopathic chest pain were 
investigated to find out if the pain was of gastrointestinal origin. The symptoms had lasted from 
two weeks to eight months. In 21 of the 27 children (78%) the chest pain had a gastrointestinal 
cause: 16 had oesophagitis, four had gastritis, and one had diffuse oesophageal spasm. All 
patients responded to medical treatment of their gastrointestinal symptoms, resulting in 


disappearance of the chest pain. 


Although chest pain is not usually associated with 
serious disease in children, if it occurs it is a cause of 
great anxiety for the patient and family. In one study 
16% of children with chest pain made more than one 
visit to the accident and emergency department.’ 

Gastrointestinal disorders have not been de- 
scribed as being important causes of chest pain in 
children.’ To further our understanding of the 
association between gastrointestinal dysfunction and 
chest pain in children, we carried out oesophageal 
manometry, oesophagogastroduodenoscopy, and 
Bernstein acid perfusion tests on 27 children with 
idiopathic chest pain, and extended ambulatory 
oesophageal pH monitoring on eight of the 27 
patients. 


Patients and methods 


Fifty one patients between 8 and 20 years of age who 
complained of chest pain were investigated. All 
patients were initially examined by general paediat- 
ricians and the diagnoses were: idiopathic chest pain 
(n=27), musculoskeletal disorders (n=12), cos- 
tochrondritis (n=9), and oesophagitis (n=3). Pre- 
viously established criteria were used to make these 
diagnoses.” 

The 27 children in whom a diagnosis of idiopathic 
chest pain had been made were further investigated 
by the division of paediatric gastroenterology at 
New York Medical College. The three patients with 
symptoms of oesophagitis were not included in the 
study. None of the patients had the characteristic 
symptoms of gastro-oesophageal reflux such as 
heartburn, regurgitation, pain on swallowing, dys- 
phagia, haemorrhage, or ‘water brash’. The chest 
pain was usually localised to the left praecordium, 


the central or retrosternal areas, or both, and 
episodes of pain lasted from less than a minute to 
several hours (table 1). 

In order to determine the cause of the pain, each 
patient was investigated by oesophagogastroduode- 
noscopy, oesophageal manometry, and a Bernstein 
acid perfusion test. In addition, eight patients had 
extended ambulatory pH monitoring. 

Oesophageal manometry was carried out with a 
triple lumen polyvinyl catheter assembly (individual 
outside diameter 1-2 mm) with three pressure 
sensing orifices separated by 5 mm. The catheter 


Table1 Details of patients with chest pain of 
gastrointestinal origin 


No (%) of 
patients 
Age at onset (years): 
0-7 0 (0) 
8-12 6 (28) 
13-17 11 (52) 
17-20 4 (19) 
Duration of symptoms (months): 
«1 3 (14) 
1-6 15 (72) 
26 3 (14) 
Site of pain. 
Left praecordium 4 (19) 
Central or retrosternal 4 (19) 
Right praecordium 1 (4 
Combination (left praecordium and central or 
retrosternal 12 (57) 
Duration of attacks (minutes) 
<i 4 (19) 
1-5 8 (38) 
6-60 6 (28) 
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was perfused with sterile waterat 0-3 ml'minute by a 
low compkence pneumztic hycrauke cepillary infu- 
sior system with a pressure response of 106-8 
kPa'sezor d. Pressures were :-ensmitted through the 
fluid filled catheters to transdacers connected to a 
three channel polygrapi recording system. The 
station pul through techa:que was used to determine 
lower oeszrhageal sphimcter location and pressure. 
The normal range of lower oszsophageal sphincter 
pressure :n our labcrakry :s 2:0 to 7-0 kPa. To 
measure cesophageal per stalsi , 10 swallows of 5 ml 
water ware given at 3( secord intervals. 

Abnorma. oesophageal coztzacticns vere defined 
as: ncn-p2ristaltic contzacóoas ircluding simul- 
vaneous onset or the peaks o^ waves recorded at 
adjacent recording sites, anz 10n-concucted swal- 
lows that caused no oesaphagszl pressure wave, or a 
wave tod weak to be transmitted tc the three 
recording zizes; or repe-itive contracticns with the 
second end third pecks of nacre than 10% of the 
prurary wave amplitide: or spontanecus contrac- 
ticn: of race than 4-C0 LPa thac were nct generated 
by swallcvs.* Wave azr.plitude -xpressec in kPa was 
measured from the meam intzac esophageal baseline 
pressure t= zhe peak cf the weve. Individual wave 
duration in seconds was .eas.ired from zhe onset of 
the orincizal upstroke -c the end of the wave. 

The B2rastein acid pe-zusiar test was carried out 
by positiomng the cataeser ic tLe upoer third of the 
oesophagt:. An infusioa of 09% sodium chloride 
was given at a rate of 109 cropsmirute for 10 
minutes. Tris was fol oved by nfusion of 0-1 mol/l 
hydrochlo- c acid for up to 10 n inutes. The test was 
negative ic the patient remain -d asymptomatic If 
severe d scomfort was produc d in the chest, the 
acid pertuson was stopped ard saline reinstilled. 
Repeated eliaitation cf chest 2an by acid perfusion 
followed b. relief of syr.ptos on perfusion with 
saline indizaced that the symptems were due to the 
cki challeqge. 

Ocsopaazeal pH monssoring was carded out by 
plecmg a pH monito-mg prone in the mid- 
oesophagus after -ccaisatica of che lower 
oeso»hagezl sphincter by 5esopaageal manometry.” 
Amtulat»-- pH mon:to-ing wes usually continued 
for 18 hours after plazerjen: 5f the p-obe. 

Apprecizble gastro-oesoplrazezl reflux was di- 
agnosed 1 there was a DH of e-s than 4 for 10% or 
more oi ke first two posrprzacia. hour: ? or if the 
meaa duraion of reflux durrmz sleep was greater 
then four minutes moze «than two tours after 
feeding.’ 

Oesopaazogastroducdenosecoy was -arned out 
with an Oi:mpus GIFXP_0 gastroscope after seda- 
tion witk meperidine ard diazepam. Cesophagitis 
was diagncsed when tre mucosa lost its normal 


vascular pattern and there was spontaneous friabil- 
ity, alceration, or erythema. Gastritis was diagnosed 
whe there was erythema, erosions, or bleeding. 
Oescphagitis? ? and gastritis!? were graded histolo- 
gically according to established criteria. 

The protocol was approved by the office of 
research administration of New York Medical Col- 
lege Informed consent was obtained from the legal 
guardian of each patient. 


Results 


In 21 of the 27 patients a gastrointestinal cause was 
found for the chest pain. Sixteen of the 21 (76%) 
had oesophagitis and four (19%) had gastritis 
diagrosed both macroscopically and histologically. 
In ors patient endoscopy was normal but there was 
diffuse oesophageal spasm on oesophageal man- 
ometry (table 2). Five patients with oesophagitis 
(31%) had abnormalities of oesophageal motility. 
Nine. of the 16 with oesophagitis (56%) had lower 
oesothageal sphincter pressure that were signifi- 
cantly less (mean 9-44, SEM 0-75) than the mean of 
the g-oup of patients with gastrointestinal chest pain 
(mean (SEM) 16-43 (1-54), p<0-001). The four 
patieats with gastritis had a mean lower oesophageal 
sphircter pressure significantly higher (25-00 (1-41), 
p<Q-)1) than the group of patients with gastrointes- 
tinal chest pain. Eight patients with oesophagitis 
underwent prolonged oesophageal pH monitoring 
and all had appreciable gastro-oesophageal reflux. 
Nine patients with oesophagitis had positive Bern- 
stein acid perfusion tests (table 3). 

The patients with oesophagitis and gastritis had 
marked decreases in the severity of their chest pain 
within three weeks of starting activated dimethicone 
0-5 mzkg (maximum 30 ml/dose) one and three 
hour: after meals, or ranitidine (150 mg twice daily) 
(table 4). Follow up endoscopies after two months 
of treatment showed that the oesophagitis and 
gastrus had resolved. The patient with diffuse 
oesophageal spasm had appreciably less chest pain 
after treatment with dicyclomine hydrochloride; 
permussion to carry out repeat manometry, how- 
ever, was refused (table 4). 


Table 2 Aetiology of chest pain of gastrointestinal origin 


No (%} 

of patients 
Ocsophagitis 16 (76) 
Gastrtis 4 (19) 


Diffuse oesophageal spasm 1 (5) 
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Table 3 Results in 21 patients with chest pain of gastrointestinal origin 
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Case Appearance Lower Oesophageal Bernstein acid Prolonged 
No at endoscopy oesophageal mottlity perfusion test oesophageal 
sphincter pH monuonng 
pressure (kPa) 
1 Gastntis 2 93 Normal Negetrve No 
2 Oesophagitts 133 Normal Negative No 
3 Oesophagitis 1-20 Normal Negattve No 
4 Oesophagitis 2-40 Normal Negative No 
5 Oesophagitis 3-47 Normal Positive Yes 
6 Oesophagitis 0 933 Normal Positive Yes 
7 Gastritis 3 33 Normal Negative No 
8 Gastritis 3 73 Normal Negative No 
9 Ocsophagitrs 1 60 Simultaneous Negative No 
contractions 
10 Gastntis 333 Normal Negative No 
11 Oesophagitis 2 93 Normal Negative Yes 
12 Ocsophagitis 2 67 Normal Positive Yes 
13 Oesophagitis 1-07 Repetitive Positive , Yes 
contractions 
14 Normal 213 Diffuse oesophageal Negative No 
spasm 
15 Oesophagitis 0 800 Simultaneous Positive Yes 
contractions 
16 Oesophagitis 1-33 Normal Positive Yes 
17 Oesophagitis 1-47 Normal Negative Yes 
18 Oesophagitis 2-53 Normal Positive No 
19 Oesophagitis 2-40 Simultaneous Positive No 
contractions 
20 Oesophagitis 2 80 Simultaneous Positive No 
contractions 
21 Oesophagitis 1 60 Normal Negative No 


Table4 Treatment of chest pain of gastrointestinal origin 


Activated Ranitidine Dicyclomine 
dimethicone No (%) No (%) 
No (%) 

Ocsophagitis 10 (62) 6 (38) 0 

Gastritis 1 (25) 3 (75) 0 

Diffuse oesophéegeal 

spasm 0 0 1 (100) 
Discussion 


Chest pain in children is usually described as 
idiopathic.‘ Gastrointestinal causes are rarely di- 
agnosed, but systematic investigation of these chil- 
dren for gastrointestinal disease is not usually 
carried out. Studies in adults indicate that over half 
of the patients with angina like chest pain and 
normal coronary arteriograms are found to have 
oesophageal disorders.!! The aetiology of such chest 
pain can be difficult to determine, because the heart 
and oesophagus have similar neural pain pathways. 
Both the cardiac plexus and the oesophageal plexus 
arise from the vagus nerves and sympathetic 


trunks." We therefore performed gastrointestinal 
investigations in 27 children with ‘idiopathic’ chest 
pain. Twenty one of the children had gastrointestinal 
causes for their complaints. Abnormal oesophageal 
motility, oesophagitis, and gastritis were among the 
causes of non-specific chest pain. 

Normal oesophageal motor activity consists of an 
orderly peristaltic contraction that passes through 
the oesophagus resulting in opening, and subse- 
quent closing of the lower oesophageal sphincter. 
This progressive propulsive contraction of the 
oesophagus occurs in response to swallowing 
(primary peristalsis) or distension (secondary 
peristalsis). Abnormalities of oesophageal peris- 
talsis have been shown to produce symptoms of 
chest pain; one patient had difuse oesophageal 
spasm, which is particularly associated with chest 
pain.” It is characterised by simultaneous contrac- 
tions after at least 10% of swallows of liquid during 
oesophageal motility testing, intermixed with nor- 
mal peristaltic contractions. Other abnormalities 
of peristaltic contractions are also associated with 
chest pain.’ 

Oesophagitis was the principal cause of chest pain 
in our patients. The most common clinical sign is 
heartburn, which is usually described as an uncom- 
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fortable barning sensat cn located below the ster- 
num. Chest pain from oesophagitis, hcwever. may 
be non-specfic.? No32 cf our patients with 
idio»ath.c chest pain hed amy of the caaracteristic 
symotoms cf oesophagrits, end the diagnosis was 
mage bott endoscopicsLy aad cn histological ex- 
amimaticn. Of the 16 patients with ozsorhagitis, five 
had assox:ated abnormalities of cesophageal motil- 
ity. Eight children with 52sophagitis had prolonged 
oescphageal pH monitoring, which showed appreci- 
able gastroesophageal reflux in each »atient. Al) 
patients responded clinrally to antacids or Ha 
rece»tcr artagonists. Folow up endoscopies carried 
out -wo 1noaths after the start of treazment were 
normal, -ndi-ating resolution cf the oesophagitis. 

(sastrius and peptic ulcer disease may also present 
as chest rain.? Four o? the patients studied had 
both end»scopic and histclogical evidence of gastri- 
tis. Camo yWobacter pylor: hzs recently been des- 
cribed as a zause of gastritis.!* Future investigations 
of id.opa:Ex chest pain 11 chikdrer shouEl therefore 
include Liopsy and culture ior this bac-erium. All 
ouz patie1c responded ta treatment witk an antacid 
cr H- receptor antagonist, and so it isunl kely that C 
pylori wes a cause. Repeat endoscopies after two 
months cf treatment were aso normal 

Our experience indicetes tha: gast-ointestinal 
causes of vaexplaimed chest pain in chilcren should 
be investrgeted. The symtoms of gestroantestinally 
induced chest pain are cfer non-specific, and can 
be deterrumed with certamty only by o2sophageal 
mancmetry and fibreop-k endoscopy. A patient 
with idicpethic chest pain xay benedt from a 
therapeutic trial of an antazid before extensive 
gastrointest nal investiga-Jon :s instigated. 
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Hypertensive response to raised intracranial pressure 
in infancy 


A M KAISER AND A G L WHITELAW 


Department of Paediatrics and Neonatal Medicine, Royal Postgraduate Medical School, Hammersmith 
Hospital, London 


SUMMARY Mean arterial pressure and intracranial pressure were measured serially in six infants 
with intracranial hypertension (intracranial pressure >20 mm Hg), and cerebral perfusion 
pressure was calculated from their difference. Overall, mean arterial pressure increased with 
rising intracranial pressure at a mean rate of 0-20 mm Hg/mm Hg. This caused a fall in cerebral 
perfusion pressure with increasing intracranial pressure at a mean rate of 0-80 mm Hg/mm Hg 
overall, although cerebral perfusion pressure was well maintained in one infant. Thus the rise in 
blood pressure was usually insufficient to compensate for the increase in intracranial pressure. In 
infants with acute encephalopathy vigorous blood pressure support is as important as lowering 


intracranial pressure. 


Adequate perfusion of the brain is essential to its 
structural and functional integrity. Impairment of 
perfusion of the developing brain may have serious 
consequences resulting in death, or cerebral palsy 
with global or specific developmental retardation, 
blindness, spastic diplegia or quadriplegia, and fits. 
Instability of perfusion has also been implicated as a 
cause of intraventricular haemorrhage.? The driving 
force of cerebral blood flow is the cerebral perfusion 
pressure, which is defined as the difference between 
mean arterial pressure and intracranial pressure.? 
This can be expressed as: cerebral blood flow=mean 
arterial pressure minus intracramal pressure/ 
cerebrovascular resistance. 

Autoregulation may be defined as the process by 
which cerebral blood flow is maintained in the face 
of any alteration of cerebral perfusion pressure.* In 
its absence, cerebral blood flow is proportional to 
cerebral perfusion pressure, and is said to be 
pressure passive. It is thought to occur mainly 
through variations in cerebral arteriolar tone*: 
vasodilatation reduces cerebrovascular resistance, 
which tends to increase cerebral blood flow. 

In the case of raised intracranial pressure, vasodi- 
latation may act to maintain cerebral blood flow,” $ 
but an alternative means of compensation is avail- 
able. Cushing’ first described the mse in blood 
pressure that occurs under these circumstances. It 
may be achieved by increasing cardiac output, but 
sympathetically mediated peripheral vasoconstriction 
is thought to be a more important mechanism.? ° 


Cushing’s phenomenon has been described many 
times in animals? 5! and older humans.” It com- 
prises a progressive increase in blood pressure once 
the intracranial pressure has attained a variable level 
that is approaching the resting arterial diastolic 
pressure. !! At very high or sustained levels of 
intracranial pressure the response is exhausted, and 
blood pressure falls. 

When both compensatory mechanisms (cerebral 
arteriolar dilatation and Cushing’s response) operate 
during rises in intracranial pressure, a three step 
pattern of blood pressure change has been observed 
in experimental animals and humans.? 9 19-? Firstly, 
as the intracranial pressure rises above the normal 
range cerebral arteriolar vasodilatation occurs, with 
no change in mean arterial pressure and a steady fall 
in cerebral perfusion pressure; secondly, when the 
Cushing range is attained, the mean arterial pressure 
rises steadily and the cerebral perfusion pressure is 
maintained; and thirdly when the latter is eventually 
exhausted, mean arterial pressure and cerebral 
perfusion pressure both fall (the latter often into the 
negative range). 

It is not known whether the Cushing response 
occurs in young subjects. In two studies of newborn 
dogs there was no increase in arterial pressure with 
rising intracranial pressure,? !^ and a Cushing 
response was seen only in two of a series of 14 
asphyxiated babies. A classical Cushing response, 
however, has been seen in newborn rabbits.!! The 
aim of the current study was to investigate the 
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association 5f blood pres:ure and intracranial press- 
ure -n a group of infancs at risk of developing 
intracranial hypertension in crder to determine to 
whet extec a rise in imtracramial pressure was 
accompanied by an increase in blcod pressure. 


Methpds 


Twerty infants in the Hammersmith Hospital 
neonatal vait at risk cf devéloping mtracranial 
hypertension underwent simultaneous serial in- 
traccenial aud blood pressure -reasurements over a 
two end a half year period. Only those six whose 
peak intracranial pressure reached >20 mm Hg are 
considered 3n further deta because previous work 
has siggestec that the Cushirg phenomenon only 
occurs when tie intracrancal pressure :s considerably 
raisec. The clinical chara-:erist.cs of chis subgroup 
are skown ir the table. Compazed wita the group as 
a wEcle, thzy were signifzantly older (median 15-5 
weeks compared with 3 days postnatal age) but 
there were no differences n birth weigh" or gesta- 
tional age. This probably reflects the decreasing 
skull compliance of the o.cer subject as the cranial 
sutures fuse. permitting a highz- intracranial press- 
ure ia be acaieved. 

Blood pressure was measured frcm an -ndwelling 
arterial catheter when evailable, yielding 236 
measurements. Pressure wes measured by a Gaeltec 
transducer /3aeltec Ltd) coupled tc a Tektronix 
monitor (Teztronix Inc) cr by a Gorld transducer 
(Gould Statiam Instruments Inc; coupled to a 
Medrfax mocitor (Cardiac Recorders Ltd’ attached 
to the catheter. The values were accep:ed only when 
the pressure wave showed a dicrotic roten and the 


difference between the systolic and diastolic press- 
ures vas >10 mm Hg; otherwise damping caused by 
air bwbbles or blood clot was suspected and cor- 
rected. In the absence of an arterial catheter in 110 
obser-ations, an appropriately sized Dinamap cuff 
(Critizon Ltd) was applied to a convenient limb and 
blood pressure measured oscillometrically. This 
techn:que has been validated against invasive blood 
pressure measurement. 16 

Intracranial pressure was measured by connecting 
a Gaeltec transducer coupled to a Tektronix moni- 
tor tc a cerebrospinal fluid cannula inserted for 
cliniczl indications. This was a subarachnoid cathe- 
ter (Lzvene and Evans") for 340 data points in five 
babies, and a ventricular cannula for six observa- 
tions .n one. Care was taken to exclude bubbles 
from zae measuring circuit, to minimise leakage of 
cerebsospinal fluid, and to establish craniospinal 
communication where relevant.? The cerebrospinal 
fluid vave was displayed and the pressure recorded 
from the digital readout using the mean if the pulse 
pressure was perceptible. 

In babies with indwelling intracranial pressure 
catheters the two pressures were taken simul- 
taneously every half to one hour. Otherwise the 
blood pressure was measured immediately before 
positicaing the child for ventricular puncture, or as 
soon after its conclusion as required for the baby to 
be settled. Babies were nursed horizontally. The 
right atrium was used as the pressure reference 
point. The transducers were calibrated immediately 
before connection and after disconnection and at six 
to 12 hourly intervals in between. Cerebral perfusion 
pressu-e was calculated as the difference between 
mean arterial pressure and intracranial pressure. 


Table | Clinicil details of six patterts waose peak intracranial pressure reached >20 mm Hg 


Case Dicxnosis Gestation Aze Range of No of No of Gradient of regression 
Ne (reeks) fi~eeks) intracranial invasive ascdlometric — lines 
pressure mean arterial mean arterial 
measurement: pressure pressure Mean Cerebral 
(mm Hg) measurements measurements — arterial perfusion 
pressure pressure 
6 Suzzical asphyxia 35 2€ 6-50 185 0 0-28 —0-73 
7 Suzzical asphyxia c7 = 5-21 0 23 —0-36 —1 36 
8 Suzsical asphyxia 34 3C 10-36 0 44 1-83 0-83 
9 Asrhixia caused by 
respiratory distress 
sxndrome 33 C-1 7-35 48 0 —(-24 —1-24 
13 Intracranial 
hzemorrhage 40 0 12-36 3 37 —0 08 —] 08 
17 Pos“ haemorrhagic 
vcatnicular dilatati 28 43 6-51 0 6 —0 21 —1-21 
Media range) 33 5 (28-40) 155 (0-43) 1815-51) — = — — 
Mean — — — — — 0-20 —0 80 
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A total of 346 observations was made, between six 
and 185 (median 44) for each child. 


Results 


The association of the dependent variables with 
intracranial pressure were considered separately for 
each subject. The only obvious correlation obtained 
was linear over the entire data range, rather than the 
three step curve described above, and fig 1 shows 
the best fit lines for one of the babies (case 6) 
recovering from operative hypoxia. 

Fig 2 shows the association between mean arterial 
pressure and intracranial pressure in the babies in 
the high intracranial pressure subgroup. The gra- 
dient of the lines was close to 0 in most. The slopes 
ranged between —0-36 and 1-83 (mean 0-20) mm Hg 
for each mm Hg increase in intracranial pressure. 

One baby (case 8) showed an exceptional rise in 
blood pressure with rising intracranial pressure, 
sufficient to maintain an increase in cerebral perfu- 
sion pressure. He was distinguished from the rest of 
the subgroup by being one of the oldest, and by 
having suffered a comparatively short and minor 
asphyxial insult. 

Fig 3 shows that cerebral perfusion pressure fell 
with rising intracranial pressure in all the other five 
babies. The mean rate of fall in these was 1-12 
(range 0-73 to 1:36) mm Hg for each mm Hg rise in 
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Figl Correiation of mean arterial pressure (closed 
symbols and solid line) and cerebral perfusion pressure 
(open symbols and broken line) with intracranial pressure 
in case 6. Individual data points are represented by circles, 
two coincident points by squares, three by triangles and four 
by diamonds. The data are correlated thus. mean arterial 
pressure=69 412 4-0-277 intracranial pressure, r=0-289, 
p<0-001, cerebral perfusion pressure-:69-412—0-723 
intracranial pressure, r— —0-619, p<0-001; df=183 and SE 
of estimate=8-328 for both. 
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Fig2 Regression lines of mean arterial pressure on 
intracranial pressure for the six patients studied. 


intracranial pressure. Including all the babies, the 
mean rate was 0-80 mm Hg/mm Hg. 


Discussion 


In the first study of the influence of intracranial 
pressure on blood pressure in the human infant we 
have shown that mean arterial pressure and cerebral 
perfusion pressure have a linear correlation with 
intracranial pressure. The exact correlation of mean 
arterial pressure to intracranial pressure, however, 
was inconsistent and usually rose inadequately to 
maintain cerebral perfusion pressure. 

Does this mean that the Cushing response does 
not occur in human infants? On one hand, intracra- 
nial pressure may not have risen high enough to 
elicit a Cushing response. In the current series, the 
peak intracranial pressure was 20-45 mm Hg below 
the resting mean arterial pressure (calculated from 
the regression line projected back to the region 
where the intracranial pressure was normal). In the 
neonatal animal and older human, however, mean 
arterial pressure begins to rise only when intracra- 
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Fig3 Regression lines of cerebral perfusion pressure on 
intrccranial pressure for the six panerts stucied 


nial pressare 1s within 16-15 mm He of it. If the 
humaa infaat behaves simakarly, a Cushing response 
wotlc be anlikely in the iacrac-anial pressure range 
achieved. On the other baud, cne baby seemed to 
evirce a Cushing response despite the intracranial 
pressure evels being weil telow restng blood 
pressure (35 mm Hg at peck irtracranial 2ressure). 

Failure of the Cushing -esponse coulc occur by 
severel mechanisms, individually or in combination. 
For a completed response the following steps are 
necessary: detection of mtracranial hypertension; 
afferent conduction; vasomotor centre activation; 
effereat (sympathetic) conduction; ircrezse in car- 
diac outpat (by increasec stroke volume or in- 
creased heart rate, or bott) or increase in »eripheral 
vascular resistance, or bok. An increase in cardiac 
outpu- is thought to be or minor unportance in the 
production of the Cushing response. In tae current 
series the Ainding that cardiac cutput often required 
support >Y colloid infusicr and inotropic agents is 
further evidence that ths mechanism is of little 
practical va_ue in the infant. It is unlikely that peri- 
phera. vesomotor tone is impaired, because 
generalised vasoconstriction is a cardinal feature of 


the asphyxiated subject, one of the groups best 
repre-ented in this study. It could be argued that our 
subjects were already maximally vasoconstricted, 
but t-ev did not seem to be. Alternatively the 
requirement of many babies for colloid and inotropic 
Suppcrt might have indicated a reduced cardio- 
vascuar reserve, but they subsequently seemed 
normevolaemic and the inotropic treatment was 
brief and low doses were given. This inculpates the 
affereat and efferent pathways and the vasomotor 
centre Any of these may be impaired by the neuro- 
logica. insult, by the intracranial hypertension itself, 
or merely by their immatunity.! 

The magnitude of the fall in cerebral perfusion 
presst-e as the intracranial pressure increases is only 
imporant in so far as it might determine the level of 
intraccanial pressure at which cerebral blood flow 
falls below a critical level. Goitein et al’? suggested 
that cerebral perfusion pressure should be main- 
tained above 30 mm Hg in the first six months and 
40 mm Hg thereafter, and Raju et al” observed in 
14 asphyxiated newborns that the minimum safe 
level cf cerebral perfusion pressure was 25 mm Hg. 
In ou- series, observed or extrapolated values of 
cerebral perfusion pressure fell below these levels at 
intracranial pressure between 11-9 and 60-2 mm Hg. 
Thus en intracranial pressure value at only twice the 
upper limit of normal of 6 mm Hg? could reduce 
cerebral perfusion pressure by a critical amount. 
Such rises may occur quite readily during episodes 
of intracranial hypertension in the newborn. 

An teresting finding in our series was that in the 
two irfants in whom a dangerously low cerebral 
perfus. on pressure occurred (cases 9 and 17, whose 
lowest cerebral perfusion pressure values were 5 and 
15 mm Hg), the outcome was poor: they both had 
severe development delay with spastic quadriplegia, 
blindness, and fits associated with widespread cor- 
tical atrophy. 

Maragement of the acute encephalopathies of 
infanc? should take the anomalous behaviour of the 
Cushirg response into account. The behaviour of 
the blood pressure and the intracranial pressure 
should Se considered together in case the Cushing 
resporse is inadequate. The combination of rising 
intracranial pressure and falling cerebral perfusion 
pressuce requires the vigorous support of blood 
pressuce and reduction of intracranial pressure. 


Jimmy Messeguer maintained all electronic equipment functioning 
perfectly at all times We thank the resident staff for their diligence 
in the sertion and maintenance of artenal lines. AMK was 
supported by Buthnght 
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Chorzic syndrome after cardiac surgery 


R O 3OBINSON,* M SAMUELS,t AND K R E POHLi 
*Ne~comen Centre, Guys Hospital, Lcndon, tBrompton Hospital, London, and iHospital for Sick 


Children, Great Ormond Street Londor 


SUMMARY ive children had an acute choreic syndrome that started three to seven days after 
hypetaerrai? cardiopulnonary bypass surgery. Improvement after an interval was seen in all, 
with com»lste resolution in two. In addition to the chorea, all children suffered complete 
supranucl2ar ophthalmcplegia, which has also shown subsequent improvement. Bulbar damage 
caused considerable speech problems There was no cognitive impairment. Several drugs were 
tried "without effect. Investigations of the cause, including histological examination, have been 


unrevealiag. 


The onset of acute chorea is bota dramatic and 
profctndly disturbing, 1: cam arise ir various 
settirgs. The clinical sigas c= carbon monoxide 
poiscmng, Wilson’s disease, Lz:gh s disease, local 
tumours, inflammatory processes, demyel nating or 
ische2muc lesions are not difficult to understand, 
because they onginate in tLe basel ganglia. In classic 
post streptococcal Sydenham's chorea the explana- 
tion may lie in the fact that -he evtoplasm of the cell 
bodizs in tae caudate and subthalamic nuclei seem 
to be antizeucallv similar to the streptococcus.! 
Chorza precioitated by pregnanzy or the contracep- 
tive fill may be a result of tne effect of oest-ogens on 
dopaannerzx activity of basal ganglia. 

Cho-ea aEer hypotherric cardiac bypass has 
occasicnall y teen describec , "7 but only in caildhood 
We report five additional zhildren with a strikingly 
sterotyped presentation and course, kaving in 
common irtr guing additicral cinical features We 
hope that oy drawing attemtiom to this Cistressing 
condition ve will encourage others to repcrt similar 
cases end thzreby stimulate attempts to icentify its 
cause. 


Patienfs ani -methods 


Five cases presented at the 3rompton Hospital 
durinz an $8 ronth penod rom July 1985. Cardio- 
logiczl data were extracted Fom the Aospital records 
by czreful scrutiny of the zraes-hetiz and >perative 
records. Cases 1—4 were umter the neurolozical care 
of ROR, amc details of tke fifth child were taken 
from rhe case notes of -he Hospital for Sick 
Children, Greet Ormond “treet. 


Results 


Ages at the time of cardiopulmonary bypass ranged 
from 4 months to 6 years. Except for the one child 
with Down’s syndrome (case 5) all children had 
developed normally before operation. Cardiac 
defects in the individual cases are shown in table 1 
together with the total time spent on cardio- 
pulmonary bypass, the time of circulatory arrest, 
and the minimum core temperature. The operation 
was without untoward incident in all cases, as was 
the immediate postoperative recovery. The onset of 
chorea occurred after a latent period of clear 
normalitv varying between three to seven days after 
operation. One child (case 1) was sufficiently 
recovered to be discharged home before the onset of 
the chorea, and another (case 4) was noted to be 
enunciating clearly around the endotracheal tube 
before extubation at five days. The onset of chorea 
was comparatively abrupt, but its frequency and 
amplitude 1ncreased over thé first three to five days. 
It then remained continuous while the child was 
awake, being sufficiently disturbing to preclude 
sleep, during which the movements disappeared 
Trials of several drugs including haloperidol, tetra- 
benazine. sodium valproate, benzhexol, and 
carbamazepine were ineffective unless given in 
sufficiently large doses to induce sleep. Improvement 
in the chorea began at periods varying from two 
days to eight weeks (table 2). The chorea had 
resolved completely after two weeks and six months 
in cases 2 and 4, respectively, but was residually 
present but continuing to improve in the other two 
survivors (cases 1 and 3) by nine and 19 months, 
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Table 1 Details of five patients studied 
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Case No Sex Age at Cardiac Bypass Circulatory Minimum 
cardiopulmonary lesion time arrest core 
bypass (minutes) ume ure 

(minutes) CC) 

1 F 1 year 5 months Transposition great 

artenes, ventriculo- 

septal defect 208 2 and 5 15 
2 F 4 months Ventniculoseptal defect 29 29 15 
3 F 3 years Ventnculoseptal defect, 

atnoseptal defect, 

anomolous pulmonary 

venous dramage 132 26 15 
4 M 6 years Ventnculoseptal defect, 

pulmonary atrema 130 16 15 

5 F 8 months Fallot's tetralogy 89 45 9 

Table 2 Details of choreic syndrome after cardiac surgery 

Case No Onset of chorea Onset of Resolution Duration of Complete resolution Durahon of 

and supranuclear recovery of of chorea complete of supranuclear follow up 
ophthalmoplegia chorea supranuclear ophthalmoplegia 
after bypass ophthaimoplegia 
1 7 days 3 weeks Residually present at 
19 months 4 months Not by 19 months 19 months 
2 3 days 2 days 2 weeks 2 days 2-4 weeks 9 months 
3 3 days 2 weeks Residually present at 
9 months 6 weeks Not by 9 months 9 months 
4 6 days 8 weeks 6 months 5 months 7 months 9 months 
5 3 days 1-3 months Small amphtude 
movement by 3 months Not by 4 months Died 5 months 
4 months after surgery 


respectively. Both regained the ability to walk and 
feed themselves, albeit unsteadily. The child with 
Down's syndrome died unexpectedly at home five 
months after operation, at a time when the chorea 
was still present although diminishing. 

The onset of chorea was accompanied by a 
generalised loss of tone. With the exception again of 
the youngest child this persisted (although dimin- 
ishing) in the other three survivors. Deep tendon 
reflexes in all were initially difficult to obtain. In the 
youngest child there was a visible loss of anal tone, 
which recovered after 72 hours The oldest child 
became incontinent for three months, and case 3 still 
had urgency of mictuntion nine months later. 

At the same time as the onset of chorea all 
children suffered a complete supranuclear ophthal- 
moplegia Dols eye reflexes remained full but 
voluntary directed gaze was lost. With the exception 
of the youngest child (an whom return of voluntary 
eye movements was the first sign of recovery) 
improvement of voluntary eye movements began 
some time after the onset of recovery of chorea 


(table 2). During the recovery period there was a 
decreasing latent period before the onset of voluntary 
eye movement, which was then interrupted by 
coarse saccades. Smooth tracking was achieved ın 
only two patients (cases 2 and 4). Vertical eye 
movements seemed to recover at the same rate as 
horizontal eye movements. 

All children experienced difficulty with feeding; 
the onset of this was abrupt ın all but the eldest, in 
whom it evolved over a three week period. In this 
child the tongue became contracted and compara- 
tively immobile. In the remainder our impression 
was that the bulbar chorea precluded effective 
coordination of sucking and swallowing Improve- 
ment in feeding dated from the improvement in 
chorea elsewhere. 

Understanding of speech and situation remained 
intact throughout in all. There was no evidence of 
mental impairment in any case. Production of 
speech was, however, severely impaired in two 
(cases 3 and 4) despite complete resolution of the 
chorea in case 4, and remained mildly impaired in 
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case |, 19 months after operation. The youngest 
child whc has complete y recovered is still only 
13 month: zld. 

Laboratory tests at the t me of the acuze onset of 
ilines: in all .ncluded routire haemzto. ogical investi- 
gatiors, eztimation of the concentrations pf electro- 
lytes 'incladang calcium aad magnesiwm) and blood 
glucoze, Iver function tests, and clottirg studies. 
Resulis were normal in all cases. Similarly, examina- 
tion o7 the cerebrospinal fla d (13 four) and computed 
tomography of the brar (m tkree) were also 
normal. Additional investigations including estima- 
tion cf nercctransmitter metebolites and concen- 
trations of folic acid in -he cerebrosp-nal fluid, 
ammcnia in the blood, erythrccyte sedrmentation 
rate, and aspartate transaminase activity were all 
norme] cs were elecrpencephalography and 
meastrem2nt of auditory and visually evoked 
potenzals. 

Netropatkclogical exammation of the b-ain of the 
child with Down’s syndrore showed no features in 
addition tc those of Down's syzdrome. In particular 
there was a> abnormality cf tbe basal ganglia. 


Discussion 


Althoagh neurological complications after cardiac 
surgery are —ften discussed together they are clearly 
a disparate collection oí diseeses with different 
causes and varying outcomes. For mary, the cause is 
readily apoarent being ei-her 2mbolic, hypoxic or 
ischaemic, or haemorrhazr. and the lesior is usually 
visibleon Computed tomcgraphr. The clinical picture 
is defined by the vascular <err-tory or parts of the 
brain -nvo vec. Thus with the exception of severe 
and ciffuse hypoxic or schaemic damage, the 
distribution of neurological signs varies frcm case to 
case. 

Chcrea following cardibaulmonary by ass does 
not come i279 any of these classifications. Although 
transient, ccmparatively mid uywanted movements 
are nct urcorimon after cardtac surgery, the full 
blown syncrzme as describ2d here is rarelyreported. 
Because the clinical picture s so striking it Cannot go 
unreccgnised and is therefore urlikely to 5e under- 
reported. The first description we can fird was by 
Bjork and Hultquist in 1250.^ They reported the 
neurological effects of dees hypothermic in eight 
children ard three adults nly two children in their 
series seemed to have survived ope-ation. 

Three of their childrea wke diec bore some 
resemblance to our cases w.th extrapyranndal signs 
appearing acer the first few days Clinical details, 
however, r= sparse. Since thea a further 12 cases 
have jeer -eported, the mest detailed clinical 
description -eing that of Srundberg zt a. in 1974, 


who recognised four such children in a series of 22 
infants aged less than 24 months. 

The clinical picture of these 17 and our five cases 
is rather stereotyped. No case to our knowledge has 
been reported outside early childhood, and the 
onset is from two to seven days after operation. 
Though it is possible that in some of these cases the 
onset may have been suppressed by necessarily 
heavy sedation in the immediate postoperative 
perioc, in most there was a clear period of normality 
beforehand. The severity of the chorea progressed 
over cne to three weeks with the exception of our 
case Z (the youngest child so far reported) who 
began to recover after 24 hours, and affected the 
face, »ulbar muscles, and all four limbs. Where 
clinica. details are sufficient to allow a conclusion, 
the tome seemed to be poor both in trunk and limbs, 
with reflexes either normal or suppressed. Drawing 
only from the previous clinical series some recovery 
seems Io have taken place in all, with three previous 
cases- recovering completely. Follow up periods 
vary, however, and insufficient information is 
curren-ly available on which to base a firm prog- 
nosis. 

One of the most unusual features of our cases was 
the oculomotor apraxia. Directed gaze in these 
children was only possible initially by movement of 
the whole head. Subsequently there was a noticeable 
lag bezore the onset of conjugate deviation with 
scannimg, interrupted by coarse saccades; although 
consistent in our cases, this has not previously been 
noted. Because, however, note was made of 
‘random’ or ‘irregular shifting’ eye movements it 
may have been present in other series but misinter- 
preted 

An apractic element may limit other functions 
accounting particularly for the speech delay. This 
might be difficult to distinguish in the younger 
children in the presence of unwanted movements. 
Our case 4 who was 6 years old at the time of 
surgery was able to mimic a wide repertoire of 
mouth ard tongue movements at a time when he 
was virtually anarthric. During this period he was 
able to copy a written sentence accurately, but 
unable to organise the same sequence of words on a 
blank page. Dressing apraxia was not a feature nor 
did use of eating utensils or scissors provide any 
difficulzy in addition to that expected from his 
chorea 

It is possible to think of a wide vanety of possible 
pathog2netic mechanisms, including undetected 
hypoxia, or reduced perfusion from undetected 
hypocarbia or  hyperviscosity. Immunological 
explanztions entailing release of cardiac antigen and 
breakd>wn of blood brain barrier are difficult to 
sustain in the face of the short latent period before 


the onset of the movement disorder. Idiosyncratic 
reactions to drugs (including anaesthetic agents) are 
similarly untenable. Although a variety of drugs and 
pressor agents were used no one agent was common 
to all. All children had undergone previous proce- 
dures necessitating the use of anaesthetics, and one 
child had had a previous hypothermic bypass proce- 
dure (case 4). 

Because computed tomography in the three of our 
cases in which it was carried out and 1n both Diebler 
and Dulac’s two cases was normal,’ structural 
damage if it occurs must be extremely focal and 
discrete; we failed, however, to identify any histo- 
logical changes in our one case that came to 
necropsy. 

The latent period is equally difficult to account 
for. The timing before onset is similar to that of 
delayed onset hypoxic encephalopathy, and the 
pathogenesis is similarly obscure. It is conceivable 
that sufficient cellular damage occurs to interrupt 
neurotransmitter synthesis or reuptake, the onset of 
symptoms coinciding with depletion of intracellular 
stores. Chorea has been attributed to excessive 
dopaminergic activity. This excess activity may, 
however, only be so in comparison with that of other 
neurotransmitters such as acetyl choline. The sug- 
gestion of, for example, impermanent depletion of 
basal ganglia and frontoparietal acetyl choline is one 
possible explanation consistent with normal concen- 
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trations of 5-hydroxy indole acetic acid, 5-methoxy 
4-hydroxy phenyl glycol, and homovanillic acid in 
cerebrospinal fluid, the ineffectiveness of therapeutic 
trials to date, and the oculomotor apraxia. 


We are grateful to Drs M Rigby, E Shinebourne, and J Wiison for 
permission to report patients under their care 
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Non-invasive method for early diagnosis of herpes 


simplex encephalitis 


N AANADA, S KIDO M IERASHIMA, K NISHIKAWA, AND T MORISHIMA 
Department of Paediatrics, Nagoya Unmersity School of Medicine, Nagoya, Japan 


SUMMARY For the early d-agnos:s cf herpes simplex encephalitis IgG and IgM antibodies to 
herpes simplex virus in cerebrospinal fluid were measured by an enzyme linked immunosorbent 
assz} (ELISA) and a local production index was calculated. Using these three criteria, 31 cases of 
various reurological illa?sses were aralysed. All eight cases of herpes simplex encephalitis were 
diarrosed correctly in the acute pkase, and there were no false positive results. 


The progaosts of herpes simplex encephalitis has 
been 1mp-oved since zhe introducticn cf antiviral 
age-ts such as acyclovir and vidarabime.! Early 
diagnosis is therefore immpor-ent. Althowgh detec- 
tion of herpes simplex virs antigen in a brain biopsy 
specinen is one of the rost reliable methods of 
early diagnosis this is not ways possible Decause of 
the risk 31 side effects. We have previou-ly investi- 
gated the intrathecal syrthesis of antbodies in 
mumps meningitis, and heve stowr that the ratio of 
antibcdies -n cerebrosouzaé fluid to -hat in serum 
(C:S ratic) was moderately increased by the in- 
trathecal synthesis cf antrmmumps aatibodies.’ 
Levins ef al’ reported tket the C:S ratio of anti- 
bodies azeinst herpes simplex virus was more than 
1:2C m a3erpes simplex encepaalitis, and that the 
amcaiat o local producion of zntibocies could 
indicate the diagnosis early. Ia some neurological 
disorcers, however, the serum can escape into 
cerebrospinal fluid across tae Cemzeged bood brain 
barnes, and this could leac <o misdiagnosis of herpes 
simplex ercerhalitis. As well es detecting IgG and 
IgM antibodies to herpes Smplex virus im cerebro- 
spinel fluid with an enzyme licked immunosorbent 
assay (ELISA), we have also calculated a local 
produ-tior index that enables us <o elimunate the 
inflcemce of antibodies in zhe serum, -hereby giving 
an <eccurate diagnostic zest for herpes simplex 
enceonalits. 


Patients aad methods 


Pairea samples of serum and cerebrospinal fluid 
were cbtaned from 31 pat ents {0 tc 16 years of age) 
with variows neurological T nesses within 10 days of 
the orset 5»? reurological Sens. Tke »atiznts were 


divided into two groups, eight who had herpes 
simplex encephalitis and 23 who did not. The latter 
group included four with measles encephalitis, three 
with enterovirus encephalitis, two with varicella 
encephalitis, one with mumps encephalitis, one with 
subacute sclerosing panencephalitis, and nine with 
encephalitis of unknown cause; in addition there 
was one case each of Guillain-Barré syndrome, 
brain tumour, and brain abscess. The diagnosis of 
herpes simplex encephalitis had been made on 
clinical findings, the results of electroencephalo- 
graphy and computed tomography, and the pro- 
nounced serological response 1n serum samples and 
cerebrospinal fluid. 

Antibody activities against herpes simplex virus 
were examined by ELISA using a modification of 
the method described by Sakata et al.* Herpes 
simplex virus type 1 (HF strain) were grown in vero 
cells and purified by continuous sucrose gradient 
centrifugation; a 96 well flat bottomed microplate 
(Immunoplate II, Nunc, Denmark) was coated with 
the purified virus at a protein concentration of 2:5 
ug/ml. After diluted serum samples (1/100) and 
samples of cerebrospinal fluid (1/5) were put into 
the wells, peroxidase conjugated antihuman IgG or 
IgM goat serum (Tago Inc, California, USA) were 
added as secondary antibodies. For the standardisa- 
tion of ELISA titres, twofold serial dilution of 
standard pooled serum samples were measured in 
each assay. The antibody titres of the samples were 
calculated from the dilution of standard serum 
which indicated the same absorbance as those of the 
samples. To evaluate the influence of the antibody 
that escaped across the damaged blood brain barrier 
on the activity of cerebrospinal fluid antibodies we 
measured the antibody titres against mumps virus as 
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a control, and the C:S ratios were compared with 
those of the antibody against herpes simplex virus. 
The formula used to calculate the local production 
index was: amount of IgG antibody against herpes 
simplex virus in the cerebrospinal fluid minus the 
amount of IgG antibody against herpes simplex 
virus in the serum multiplied by the C:S ratio of 
mumps antibody. This expressed the actual titre of 
antibody that was synthesised intrathecally. Statis- 
tical analysis was by Student's ¢ test. 


Results 


IgM and IgG antibodies to herpes simplex virus in 
cerebrospinal fluid were measured, and the local 
production indexes were determined. There were 
significantly higher titres in each category in patients 
with herpes simplex encephalitis compared with 
those with other neurological disorders (p<0-01, 


ELISA titre (2^) 
ELISA ttre (2^) 








p«0-01, and p<0-05, respectively) (figure). From 
these results the following criteria were defined for 
the early diagnosis of herpes simplex encephalitis: 
(1) a high titre of IgG antibody to herpes simplex 
virus ın the cerebrospinal fluid (mean plus standard 
deviation above the value for patients who did not 
have herpes simplex encephalitis); (2) a positive 
titre of IgM antibody to herpes simplex virus in the 
cerebrospinal fluid (mean plus two standard devia- 
tions above the value for patients who did not have 
herpes simplex encephalitis; and (3) a high local 
production index (mean plus standard deviation 
above the value for patients who did not have herpes 
simplex encephalitis). When at least two of the three 
criteria were found in the acute phase, the patient 
was provisionally diagnosed as having herpes sim- 
plex encephalitis. 

Using these cnteria, 31 cases of neurological 
illnesses were examined retrospectively (table). AII 


Local production index 





a9 <2 
<-12 
<S~4 
HSE No HSE HSE No HSE HSE No HSE 
(n=8) (n=23) (n=8)  (nz23) (n=6) (n=16) 

IgG antibodies to IgM antibodies to Local production of 
herpes simplex virus herpes simplex virus antibody within central 
in cerebrospenal fluid in cerebrospinal fluid nervous system 


Figure Comparisons of IgG antibodies and IgM antibodies to herpes simplex virus and local production of antibody with 
the central nervous system between patients with and patients without herpes simplex encephaluis (HSE). The vertical lines 
represent mean (SD). 
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eight of the patients with. kerpes simplex encephali- 
tis and five of those who cii nct have herpes simplex 
encephaliis were positive bs the cst criterion, 
indicating that escape of serum antibodies across the 
blooc brain barrier can cccur ia some neurological 
illnesses. Seven of the eizht patients with herpes 
simplex encephalitis and 32ns of those who did not 
have herpes simplex enceohz ius were positive by 
the second criterion. Fou- of tae eight petients with 
herpes simpjex encephalr-s acd none of those who 
did mot hzve herpes smpex enczphalitis were 
posite Ly the third critenen The pazents who 
were post*-e by more -han two criteria all had 
herpes sirolex encephalitis in retrospect (cases 
1-8), and fme (cases 16, 20, 21, 22, and 25) were 
diagnosec zs not having had herpes sanplex en- 
cephélitis because of the negative result: using the 
second and. third criteria. Tous al the cases of 
herpes simplex encephaihs sere ciagaosed and 
there were 3o false posiuve results osing all three 
criter.a m the acute phase of the illnesses. The mean 
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period from the onset of herpes simplex encephalitis 
to dicgnosis was 6-7 days (range 4 to 10 days). 


Discussion 


The early diagnosis of herpes simplex encephalitis is 
extremely important because prognosis depends on 
the patient's degree of consciousness when treat- 
ment starts.! Effective chemotherapy should there- 
fore be started as soon as possible. before there has 
been any deterioration of consciousness. 

Among the methods of early diagnosis, brain 
biopsy is one of the most accurate, but this may not 
be the first choice because of its risk, particularly in 
mild zases of herpes simplex encephalitis that 
recover without any specific treatment.) As the 
amount of intrathecal synthesis of antibodies is also 
large in such cases, the diagnosis by detection of 
antibcdies to herpes simplex virus in the cerebros- 
pinal fluid might be more applicable. Positive 
immuaofluorescence to herpes simplex virus antigen 
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Final diagnosis 


+ HSE 

$ HSE 
HSE 
HSE 
HSE 

+ HSE 

+ HSE 
HSE 
Encephalitis (entero) 
Encephalitis (entero) 
Encephalitis (entero) 
VZVME 


VZVME 

Encephaliis (non-HSE) 
Encephahtis (non-HSE) 
Encephalitis (non-HSE) 
Encephalitis (non-HSE) 
Encephalitis (non-HSE) 
Encephalitis (non-HSE) 
Encephahtis (non-HSE) 
Encephalitis (non-HSE) 
Encephahtis (measles) 
Encephahtis (measles) 
Encephahtis (measles) 
Encephalitis (measles) 
Encephalitis (mumps) 
Anoxic encephalopathy 
SSPE 

Guillain-Barré syndrome 
Brain tumour 

Brain abcess 





HSE. Heroes sarplex encephalits; HS V. herpes simolex virus, entero: meninzoencephalitis caused by enteroviruses, VZVME. Varicella 
zoster virus m=mingoencephalits: ard SSPE subacute sclerosing panencepaalktis 
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in cerebrospinal fluid cells,° and detection of an 
early herpes simplex virus antigen in the cerebro- 
spinal fluid may have a limited use.’ Many reports? 
have shown that high titres of antibodies to herpes 
simplex virus in cerebrospinal fluid is characteristic 
of herpes simplex encephalitis, and measurement of 
these titres could be useful for the early diagnosis of 
herpes simplex encephalitis. It is important, how- 
ever, to distinguish between the local production of 
antibodies to herpes simplex virus and those pro- 
duced in the serum that cross the damaged blood 
brain barrier. To clarify this point, we calculated the 
local production index, which was based on the 
correction of antibody against control virus by the 
C:S ratio. 

Klapper et aÊ reported that out of 10 patients with 
herpes simplex encephalitis tested within 10 days of 
the onset of their neurological illnesses, five had 
positive diagnostic indices by radioimmunoassay. 
Using our method, all patients with herpes sunplex 
encephalitis could be diagnosed within 10 days of 
onset, and there were no false positive results. The 
mean time required for the diagnosis in our study 
was 6-7 days from the onset of herpes simplex 
encephalitis, which was shorter than in their report. 
It took only a few hours to measure antibodies by 
ELISA, so it might be more useful for rapid early 
diagnosis than the radioimmunoassay because of the 
simplicity of the methods. 

In our study no patient without IgG antibodies to 
herpes simplex virus in the cerebrospinal fluid had 
herpes simplex encephalitis, but all patients who had 
IgM antibodies to herpes simplex virus in the 
cerebrospinal fluid had herpes simplex encephalitis. 
Patients who did not have IgM antibodies but did 
have IgG antibodies to herpes simplex virus could 
not be excluded from the herpes simplex encephali- 
tis group on those criteria alone. They could, 
however, be diagnosed by using the third criterion; 
when the local production index was positive, they 
had herpes simplex encephalitis and when it was 
not, they did not. All 31 cases were diagnosed using 
this method in the acute phase. The sensitivities and 
specificities of our results were 10096 (8 of 8) for 
herpes simplex encephalitis and 78-3% (18 of 23) for 
those that did not have herpes simplex encephalitis 
using the first criterion; 87-5% (7 of 8) and 100% (23 


or 23) using the second criterion; and 5076 (4 of 8) 
and 100% (23 of 23) using the third criterion. These 
figures improved to 100% (8 of 8) and 100% (23 of 
23) when the criteria were combined. Both sensitiv- 
ity and specificity improved remarkably when the 
third criterion was incorporated. 

Kahlon et aP showed recently the intrathecal 
synthesis of antibody against the viral structural 
protein of herpes simplex virus in herpes simplex 
encephalitis by the immunoblotting method. They 
reported that antibodies in cerebrospinal fluid 
against the glycoprotein B in herpes simplex virus 
rose sooner than antibodies to the other viral 
proteins, probably because of the high im- 
munogenicity of glycoprotein B. It might be possible 
to improve the sensitivity for detection of antibodies 
to herpes simplex virus by using purified glycopro- 
tein B as an antigen. 
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Diagnosis of brain death by transcranial 
Doppler sonography 


H BODE, M SAUER, ANZ W PRINGSHEIM 
University Children's Ho-pitzl Freiburg, West Germany 


SUMMARY The blood Tow velocities in the basal cerebral arteries can be recorded at any age by 
transcranial Doppler scnography. We examined nine children with either initial or developing 
clinizal signs of brain ceath. Soon afier successful resuscitation increased diastolic flow velocities 
indicated a probable decrease in cerebrovascular resis:ance; this was of no particular prognostic 
importance As soon as there was a clinical deterioration. there was a reduction in flow velocities 
with retrograde flow curing ea-ly diastole, probablz due to an increase in cerebrovascular 
resistance: this indicated a doubtful prognosis. In eigh: of the nine children with clinical signs of 
brain dez: a typical reverberaüng flow pattern was found, which was characterised by a 
courterbz ancing shor: torwarc flowin systole and a short retrograde flow in early diastole. This 
indicated arrest of cere»ral blcoc flow. One newborn skowed normal systolic and end diastolic 
flow velocities in the basal cereb-al arteries for two days despite clinical and electroencephalo- 
graphic signs of brain dez:h. Shunt ng of blood throagh the circle of Willis without effective 
cereoral p2rfusion ma~ explain this phenomenon. No patient had the typical reverberating flow 
pa-tern w.thout being clinically brain dead. Transcranial Doppler sonography is a reliable 
techaique, which can te used at the bedside for the confirmation or the exclusion of brain death 


in childrem in addition to the clinical examination. 


Only mocern techniques c7 intenzive care have 
mede the diagnosis of ‘brain death’ possible.* 
Brain death is the compete and irreversible cessa- 
tion of brain function. even though the blood 
contmues D) circulate in the zest of the body. The 
death of the brain means the dea:h of tae person.” 
Cimial crtena for brain Jeata in adults and 
children kave been 2stu>dlishec ty various 
committees.^? In additin, confirmaticn of brain 
death by Izboratory tests 1s often necessary. Four 
vessel arteriography,Ó recionuclide cerebral ango- 
grepiy,! L:oppler sonography of the extracranial 
brair supp ying arteries." serial 2lectrcencephalo- 
grams, and brainstem aiditor; evoked potentials? 
have also been used. These -echniques have, 
however, it herent problems that limit their applica- 
tion. 

W.th treascranial Doppler soncgraphy it is poss- 
ible zo reccrd the flow veloc:ass in the intracranial 
basa. cereb-zl arteries at any age. "° This technique is 
rapidly avzilable, harmless, and reliab e.? !! The 
aim of our study was to find cut if in caildren it is 
possble to confirm the clinical diagnosis of brain 


death. bv showing cessation of intracranial forward 
blood flow with transcranial Doppler sonography. 


Patierts and methods 


Between September 1985 and December 1987, 27 
uncorscious children (Glasgow coma scale <8) were 
exammed. Nine patients (eight of them after suc- 
cessful resuscitation) presented the clinical signs of 
either initial or developing brain death. These were 
deep coma, no spontaneous respiration, and no 
brain stem reflexes (pupillary, oculocephalic, cor- 
neal, 5haryngeal, tracheal, or trigeminal pain reac- 
tion). Drugs, hypothermia, and endocrine or meta- 
bolic zauses for coma had been excluded. The ages 
and cinical diagnoses are shown in the table. 
Transcranial Doppler sonography was carried out 
by ar EME TC 2-64 system (EME, Uberlingen, 
West 3ermany) with a pulsed 2 MHz Doppler probe 
and an integrated fast Fourier real time frequency 
analyser (sliding average technique, 64 frequency 
points. 132 spectral lines). The supraclinoidal seg- 
ments of both internal carotid arteries were inson- 
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Table Patents with clinical signs of brain death 


Case Age Diagnosis 

No 

1 12 years Near 

2 12 years Severe head injury 

3 10 years Brainstem aneurysm 

4 7 years Mucoviscidosis 

5 5 years Severe head injury 

6 16 months Obstructive apnoea 

7 12 months Sudden infant death syndrome 
8 3 months Sudden infant death syndrome 
9 2 weeks Complication of anaesthesia 


ated by placing the Doppler probe on to the 
temporal bone between the lateral margin of the 
orbit and the ear, about 1 cm abvove the zygomatic 
arch. The ultrasonic beam was directed slightly 
forwards.!? !? In infants, these vessels were found 
with the probe on the anterior fontanelle with the 
beam directed towards the angle of the lower yaw." 
The basilar artery was insonated with the transducer 
in the midline of the neck and the ultrasonic beam 
directed through the foramen magnum. The 
measuring depth was adjusted to previously estab- 
lished age dependent values.!! Systolic peak flow 
velocity, mean flow velocity (time mean of the 
maxunum velocity envelope curve), and early and 
late diastolic peak flow velocity were calculated, and 
compared with the age dependent reference 
values.) Frequency to blood flow velocity conver- 
sions assumed an insonation angle of zero. In 
addition, the shape of the whole Doppler range 
during one cardiac cycle was analysed. 

Arterial blood pressure was measured at the same 
time as the Doppler readings were taken. Carbon 
dioxide tension was measured either trans- 
cutaneously or from arterial blood samples. 

Electroencephalograms were recorded with a 
Mingograf EEG 10 (Siemens, Erlangen, West Ger- 
many). Brainstem auditory evoked potentials were 
derived by a Tesy II device (Tonnies, Freiburg, 
West Germany). Real time cranial ultrasound 
through the anterior fontanelle was carried out with 
a Mark 100 (Advanced Technology Laboratories, 
Seattle, USA) with a short focused 5 MHz trans- 
ducer. Four vessel arteriography was done by 
catheterisation under fluoroscopic control. 

The study was approved by the hospital ethical 
committee. 


Results 


During all Doppler readings of this series the 
arterial blood pressure was within the normal range 


for age, and the transcutaneous or arterial carbon 
dioxide tensions were above 3-33 kPa. 

After successful resuscitation transcramial Dop- 
pler sonography showed normal systolic peak flow 
velocities and increased end diastolic peak flow 
velocities in the basal cerebral arteries (fig la). At 
the same time as the clinical detenoration occurred, 
but before the clinical signs of brain death were 
obvious, zero or even retrograde early diastolic peak 
flow velocities and anterograde end diastolic peak 
flow velocities were recorded (fig 1b). Finally, a 
characteristic reverberating flow pattern with a short 
and low forward flow in systole and a counterbalanc- 
ing retrograde flow in early diastole was seen in both 
internal carotid arteries and in the basilar artery (fig 
1c). In case 5 this pattern appeared in the internal 
carotid arteries some hours earlier than in the 
basilar artery. It was also recorded in cases 1-8. All 
patients died within 24 hours or on discontinuation 
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Figl Progression to brain death. Transcranial Doppler 
sonography of left internal carotid artery. Depth= 
measuring depth in mm, cursor- systolic peak flow velocity, 
and mean—tme mean of the maximum velocity envelope 
curve The arrow to the right indicates that a flow 

towards the probe is shown above the zero line. (a)—Three 
hours after resuscitation, (b)—24 hours after resuscitation, 
and (c)—with clinical signs of brain death 
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of necharical ventilation. :n cese 9 a flow pattern as 
shown in ñg la indicated the persistence of an 
intracranial circulation fo- two days, despite clinical 
and electroencephalograchic evidence of brain 
death. Amother infant p-esenled with ceep coma 
(Glasgow coma scale 5) and severe brain oedema 
showa on computed tcmogrephy after shaking 
traunca due to child abuse. At the same time as the 
clinccel deterioration occurred, there was a reduc- 
tion in tae diastolic flow v2lccties in boh internal 
carotid arteries, and an 2arly diastclic -etrograde 
flow vas se2n in the basila- artery (fig 2) The flow 
velccities increased again within 24 hcurs when 
there was a slight clinical -mprovement. This child 
survived i3 a vegetative sate 

The eleztroencephalograms carned out in seven 
patierts (cases 1, 2, 3, 4, 6. 7, and €) showed 
isoeleztnc tracings either initizlly or later on. The 
intraccanigé] components of brainstem auditory 





Fig2 Tereora! shaking traun a@—trcrscranuil Doppler 
sonogrephy. Depth=measuring dez in mm, 

curscr systolic peak flow veloz ty, and meam-- tine mean 
of the maxirrum velocity curve The arrow tawards the left 
indicates that a flow away fron whe D'cppler probe is shown 
above fie zere line. (a)—Left iverncl carotid artery on day 
4 after waum a, /b)—left internelcarztd artery or. day five, 
and (c) —basilar artery on day Te. 


evoked potentials were derived in three patients. 
They were decreasing in case 1 and were already 
absent in the first recordings of cases 7 and 9. Real 
time cranial ultrasound was possible in three infants 
and showed diffusely increased echogenicity of the 
brain parenchyma. The pulsations of the intracranial 
arteries were absent in cases 7 and 8, and in case 9 
they persisted m the basal cerebral arteries. 

Cerebral arteriography was carried out 1n case 3 
after chnical, electroencephalographic, and Doppler 
sonographic confirmation of brain death before 
organs were removed for transplantation There was 
no flow in either the two internal carotid or the 
vertebral arteries. 

Examination at necropsy showed severe brain 
oedema (cases 2, 6, 7, and 8) with superior and 
inferio- herniation (case 6), hypoxic/ischaemic 
neuronal damage (case 8), or liquification of the 
brain (cases 1 and 9). 


Discussion 


Though many authors accept the diagnosis of brain 
death by clinical criteria alone,!^? additional 
laboratory tests are often used for confirmation or 
objective assessment. As these tests monitor either 
the circulation or the electrical activity of the brain 
their results are not always comparable. We will 
discuss only some tests of cerebral circulation. 

Four vessel arteriography has shown arrest of 
cerebral blood flow and a characteristic to and fro 
moverrent of the blood below the base of the skull 
in the arteries supplying the brain. Because the 
injected contrast medium may aggravate pre- 
existing brain oedema we use this technique only for 
confirmation and assessment before the removal of 
organs for transplantation when there is no doubt 
about the diagnosis of brain death. Radionuclide 
techniques are less invasive and give only small 
doses of radiation. They are less reliable, but can be 
used for diagnosing brain death.’ Doppler sono- 
graphy has no known side effects and is not invasive. 
The Doppler technique records flow velocities in 
arteries supplying the brain, but cannot quantitatively 
determine cerebral blood flow. This, however, is not 
necessary for the diagnosis of brain death in which 
the cessation of intracranial forward blood flow 
alone has to be shown. 

It has been shown that increased intracranial 
pressure may influence the Doppler velocity profiles 
in the intracranial arteries in infancy." !^ In brain 
death different Doppler profiles have been recorded 
from different arteries. In adult brain death a to and 
fro movement and escape of carotid arterial blood 
externally was seen.® In children with brain death 
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there ıs a sharp systolic peak followed by a negative 
deflection, again a forward flow in early to mid 
diastole, then almost no flow at the end diastole in 
the common carotid artery.’ During the progression 
to brain death m neonates, there is a sequence of 
loss of diastolic flow, appearance of retrograde flow 
during diastole, diminution in systolic flow, and 
ultimately no detectable flow in the anterior cere- 
bral artery despite considerable flow in the common 
carotid artery.^? 

Only transcranial Doppler sonography, which 
combines a low emitting frequency with the pulsed 
Doppler technique, can determine the intracranial 
blood flow velocities at any age. Characteristic 
reverberating Doppler profiles were recorded in the 
basal cerebral arteries of adults with brain death: 
brief systolic orthograde and early diastolic retro- 
grade movements indicating net zero flow.'^ In only 
a few adults the sound beam is unable to penetrate 
the skull,“ and then Doppler signals from the 
intracranial arteries cannot be recorded, and the 
diagnosis of brain death 1s impossible. 

We present the first results of transcranial Dop- 
pler sonography in children with clinical signs of 
brain death initially or later on. The increased end 
diastolic flow velocities soon after resuscitation 
probably indicate the vasogenic phase of cerebral 
oedema that results from a decrease of the cerebro- 
vascular resistance caused by vasodilation of the 
peripheral cerebral vessels. This 1s obviously a 
reversible phenomenon that we also saw in patients 
who had favourable outcomes. 

We speculate that the prognostically doubtful 
pattern of reduced systolic flow velocities, retro- 
grade flow velocities in early diastole, and then 
anterograde end distolic flow velocities, 1s caused by 
an increase of the cerebrovascular resistance. This 
could be a result of increasing brain oedema and the 
swelling of the endothelium of the small cerebral 
vessels." Changes in the compliance of the arteries 
supplying the brain may alter pulse wave reflexions 
from distally occluded arteries. The sharp Doppler 
signals with forward flow in systole and reversed 
flow in diastole are probably caused by the com- 
pliance of the basal cerebral arteries, and indicate 
the cessation of intracranial net forward blood flow 
in brain death. We never obtained the flow pattern 
shown in fig 1c in children who were not clinically 
brain dead. The 18 surviving children with temporary 
deep unconsciousness always showed anterograde 
pandiastolic flow; the flow pattern of fig la was 
Often seen. The typical reverberating flow pattern in 
both internal carotid and the basilar artery is 
therefore highly specific for brain death, and we 
believe it can serve as a confirmatory test ın children 
as well as in adults. 


Our findings with transcranial Doppler sonogra- 
phy during progression towards brain death are 
similar to the results obtained from the common 
carotid artery in children who were brain dead." In 
contrast to that study, we found that an early 
diastolic retrograde flow in the basal cerebral 
arteries may indicate imminent brain death, but 
patients may also survive with severe deficits. In 
some cases, arrest of intracranial flow may not occur 
exactly at the same time in different basal cerebral 
arteries. It may also occur 1n severe infratentorial 
injuries. Under such circumstances clinical signs and 
brainstem evoked potentials may indicate brain 
death, while Doppler sonography still shows con- 
tinuing blood flow in the arteries supplying the 
supratentorial parts of the brain. Further study of 
these problems is required. 

On the other hand, in newborn infants flow 
velocities appropriate for age may persist through 
the basal cerebral arteries for some days in spite of 
brain death proved by clinical signs, electroencepha- 
lography, and necropsy. The flow velocities may not 
correspond to an appropriate cerebral blood flow 
because the diameter of the basal cerebral arteries is 
unknown. The flow may be decreased due to 
endothelial swelling, but the Doppler readings 
indicate a different pathophysiological process lead- 
ing to brain death in this age group. We speculate 
that the blood is shunted through the circle of Willis 
and into extracranial arteries without cerebral perfu- 
sion. This phenomenon has been discovered by 
angiography in children who are brain dead. The 
persistent pulsations of the basal cerebral arteries 
alone in cranial ultrasound further support this. 
Therefore the diagnosis of brain death by Doppler 
sonography may be difficult or impossible in 
neonates.’ ' There are also problems of diagnosing 
brain death in neonates that are associated with the 
clinical signs,? the electroencephalogram,’ and 
brainstem evoked potentials. 

The advantage of transcranial Doppler sonogra- 
phy for examining intracranial arteries in cases of 
suspected brain death when compared with Doppler 
techniques that only record the flow in the extracra- 
nial arteries supplying the brain is obvious; only 
transcranial Doppler sonography can record in- 
tracranial flow velocities at any age. Like other 
Doppler techniques it is dependent on the expen- 
ence of the examiner, but the technique is compara- 
tively easy to perform. It is not affected by artefacts 
or drugs that may make the evaluation of techniques 
that record the electrical activities of the brain on 
intensive care units difficult or even impossible. 
Finally, the rapid availability of the instrument and 
the speed with which the results are obtained makes 
it the preferred method for use at the bedside for 
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excluding cr confirming 5-ain ceath in childhood 
after the clinical examinaton. 
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Deliberate self poisoning in adolescents 


C F CLARKE 
St Helier Hospital, Carshalton 


SUMMARY A retrospective study of 90 adolescents admitted to a district general hospital after 
deliberate drug overdoses was carried out. Underlying risk factors, the inpatient assessment, and 
the initial management offered to each patient were recorded. The longer term outcomes were 
assessed, with particular emphasis on psychiatric and related disorders. Many had underlying 
family problems; the parents of nearly half the patients were separated or divorced, and over half 
the families had already been seen by the social services or at the child guidance clinic. Three 
quarters of the patients had psychiatric assessments during admission, and of these 59 (66%) 
were referred for further psychiatric treatment. Of these over half withdrew from treatment. 
Eleven (1296) of the children took a further drug overdose. This study emphasises the need for 
psychiatric assessment and treatment in these children, but the results suggest that the success of 


management is limited by poor patient compliance. 


The number of children under the age of 16 years 
admitted to hospital each year after attempts at 
deliberate self poisoning has been increasing over 
the past 20 to 30 years.! ^ Self poisoning is far more 
common than self injury in attempted suicides in this 
age group.! Young people who take overdoses of 
drugs share various background characteristics in- 
cluding broken homes (through divorce, separation, 
or death of parents), parental psychiatric disturb- 
ance (including suicidal behaviour), and past histor- 
ies of child abuse. Events immediately preceding 
suicide attempts include quarrels with parents or 
boy or girlfriends (often after long standing diffi- 
culties in their relationships with their parents), and 
social isolation.'* Only a few young people with 
parasuicidal behaviour have a definite. psychiatric 
illness, usually depression, but a considerable 
number are probably psychologically disturbed.? 

In 1982 the Royal College of Psychiatrists pub- 
lished guidelines for the management of parasuicide 
in young people under the age of 16 years. These 
stated that all patients 1n this group seen after an 
overdose should be admitted to hospital, preferably 
to a paediatric ward. They should be treated there 
for any effects of drug toxicity, and they should 
remain in hospital until an assessment could be 
made by a member of the child psychiatric team. 
The guidelines recommended that 1n areas with 
limited resources the child should be kept tn hospital 
for a few days, even if medically fit for discharge, 1n 
order for such an assessment to be made. 


St Helier Hospital 1s a district general hospital 
outside London. Within the district there are two 
child guidance clinics, and there is a department of 
child psychiatry at a nearby children's hospital. 
During much of the study period, however, there 
were no child psychiatry sessions at the district 
general hospital. An informal weekly paediatric and 
psychiatric liaison meeting was initiated during the 
study period, and children are now seen 1n the ward 
by request. In addition there 1s a regional adolescent 
unit to which referrals may be made. 

The aim of this study was to look into the 
background characteristics of each patient admitted 
to the paediatric ward after a deliberate drug 
overdose, and to assess the factors that precipitated 
the overdose. Its other aim was to look at the 
assessment each patient received in hospital, the 
subsequent follow up, and whether or not the 
patient complied with this treatment. 


Patients and methods 


Between 1 January 1980 and 31 December 1985 
a total of 90 children were admitted to the general 
paediatric ward at St Helier Hospital after deliber- 
ate attempts at self poisoning. Information about 
these patients was initially obtained by examuning 
the hospital case notes. Details noted about each 
patient included sex, age at the time of the 
overdose, and particulars of the family and social 
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backg-ound. Whatever pr2cipi-ated the overdose 
was aso noted and the d-ug (or drugs] taken. 

Details cf the management of each child in 
hospital were obtained from ike cese notes, which 
also gzve tie initial follow up plzm. Furthe- informa- 
tion om each patient was then ot ained by contacting 
the various agencies concerned: the child guidance 
climzs, the regional adcl2scer: unit, the social 
services, the general practicion=ss, or other hospit- 
als. It was then possible to asce-ta:n whether each 
paten- had attended for their *ollow up appoint- 
ments as arranged, whether th=y completed their 
treatment, cr whether a referral -o a further agency 
wes necessary. 


Results 


Ninety chidren were adrittez during :he study 
per-od, with a mean admi:sion rate of 15 patients a 
year (range 5-20). The lowest admission rete was six 
patiencs ir 1980, increasmg to 29) in :982; this 
increase was subsequently suste ned. The ratio of 
boys to girls was 1:8. The averaze ege of -he whole 
group was 14-5 years (rarge 10 4-16-6 years). The 
figure shows the age and sex distribution of the 
patiencs; only one was under the age of 12 years at 
the time of admission. She vas th» sibling of another 
chiki who Lad been adm tted earlier in the same 
year efter taking an ove-dose, and care from a 
disrup-ed family background. 

Tab.e 1 shows the detais of the family and social 
background of the patients. Of the 9) children, 39 
(437%) came from homes whezz the par2nts were 
divorced cr separated, arc in 4) cases 64%) the 
paten or the family, or Ecth, Lad previcusly been 
reterred to. or were currently under follow up, 
either by “he social services or zhe child guidance 
service. In only three cass was a clear austory of 
child buse obtained: one of the children had been 
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Figure Age and sex distribut cn of patients 


Table 1 Background of the children 


No (%) 
Parents divorced or separated 39 (43) 
Family seen at child guidance clinic 27 (30) 
Family seen by social services 22 (24) 
Subject in childrens’ home 6 (7) 
History of child abuse 3 (3) 


Subject adopted 


sexualfy abused by her stepfather for some years, 
and arother girl had been sexually abused by an 
uncle. The third was a case of physical abuse by the 
child’s father. 

The drugs taken most commonly were paraceta- 
mol (5196) and salicylates (30%). Twenty three 
patients (26%) took either tranquillisers or antide- 
pressamts, which in most cases had been prescribed 
for ancther member of the household. Only three of 
the chidren took alcohol with the overdose. 

There were no deaths in the study group: only one 
patient (who had taken amphetamines) was ill 
enough to require admission to the intensive care 
unit, and only 13 (14%) required specific medical 
treatment as a result of their overdose. The remain- 
der were kept under observation but they remained 
satisfactory with no untoward effects, and in those in 
whom serum concentrations of the drugs were 
measu-able, they were below the toxic range. 

The specific factors precipitating the overdoses 
are shewn in table 2. The single most common risk 
factor was a problem within the family—in particu- 
lar, difficulties m the relationships between the 
children and either parent (or step-parent). In 40 of 
the 98 (44%) there were several precipitating 
factore—for example, difficulties at school for a 
child who was also experiencing problems with 
family relationships. 

Sixt” six (73%) of the children were seen by a 
member of the child psychiatric team during their 
hospital admissions: this was either the consultant in 
child psychiatry (or, less commonly, a senior reg- 
istrar or registrar working with him), or a 
psychctherapist. Sixteen patients (18%) were seen 


Table2 Reason for overdose 

No (96) 
More than one reason 40 (45) 
Family problems 29 (32) 
Row wath boy or girlfriend 9 (10) 
Bercavement 4 (4) 
Problems at school 3 (3) 
Physiczl illness 3 (3) 
Prank 3 (3) 


by one of the hosprtal social workers attached to the 
paediatric department who were accustomed to 
dealing with such problems. Of the remaining eight 
patients, five were seen by a consultant paediatri- 
cian who felt that no further intervention was 
required, in two cases the parents refused help and 
took the child's discharge against medical advice, 
and the remaining patient was already being treated 
for depression by a general practitioner in another 
health district who arranged for her to be seen by a 
psychiatrist in that area The length of stay in 
hospital varied between one and 16 days: one day, 
25 patients; two days, 24; three days, five; four days, 
six; five days, seven; six days, one; seven days, five; 
eight days, four; nine days, three; 10 days, three; 
11 days, one; 12 days, two; 13 days, one; 14 days, 
two; 15 days, none; and 16 days, one. Only one 
patient was kept in hospital because of a medical 
problem: in all the others the time spent in 
hospital was dependent on a satisfactory psychiatric 
assessment, which sometimes concerned several 
agencies. 

As a result of the initial consultations in hospital, 
59 (66%) of the children were referred for further 
psychiatric help. Of these 46 were seen at the child 
guidance clinic, 12 at the adolescent unit, and one by 
a psychiatrist in an adult unit. A further 10 children 
were referred to area social services for follow up 
(table 3). Seven patients refused follow up; these 
included the two patients already mentioned whose 
parents took their discharge before an assessment 
could be made, and the other five were seen by a 
member of the psychiatric team or a social worker 
while in hospital but declined the follow up offered. 
Ten patients had no specific follow up, six because 
the psychiatric team thought it was unnecessary, but 
four unfortunately do not seem to have been 
referred. 

The outcome of the initial psychiatric referrals is 
shown in table 4. Only 15 of the 59 patients referred 
for further help (2596) actually completed their 
treatment to the point of being discharged. Three 
required inpatient treatment and nine were subse- 
quently referred elsewhere for further help. In the 


Table3 Agency to which child was initially referred 


No (%) 
Child guidance clinic 46 (52) 
Adolescent unit 12 (13) 
Psychratnst 1 (1) 
Area social worker 10 (11) 
Special school 3 (3) 
Place of safety 1 (1) 

7 (8) 


Refused any follow up 
Nil 
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Table 4 Outcome of initial psychiatric referral 


No (%) 
Did not attend 10 (17) 
Initally attended then did not 22 (37) 
Completed treatment 15 (25) 
Inpatient treatment 3 (6) 
Secondary referral 9 (15) 


latter group, four were referred to the adolescent 
unit, in which only one patient actually completed 
her treatment; three patients were subject to care 
orders, one was placed in a residential hostel, and 
two were referred to an educational psychologist. In 
all, 35 of the 59 (59%) did not complete the 
suggested course of treatment. Failure to cooperate 
with treatment did not appear to be associated with 
the reason for taking the overdose. 

Finally, certain other problems were identified in 
the overall study group of 90. Five (696) were 
definitely known to be drug abusers at the time of 
the study, and four (476) were referred back to the 
psychiatric services at a later date with new prob- 
lems (not as a result of further suicide attempts). 

Eleven (12%) of the study group were known to 
have taken a further overdose at the time of the 
study: one had done so within six months of the 
initial presentation, and a further five within one 
year. The other five had presented again as a result 
of deliberate self poisoning between 12 and 26 
months of the first admission. Five-of this group of 
11 patients had withdrawn from treatment by the 
time they took their second overdose. 


Discussion 


Children aged 16 years and under who deliberately 
take drug overdoses make up. an appreciable 
number of the acute admissions to paediatric wards, 
and this is a problem which seems likely to 
continue.’ It is therefore essential that in addition to 
attempting to identify the ‘at risk’ groups, attention 
is paid to subsequent management to lessen the 
possibility of their repeating the suicide attempt. In 
this study there was a pronounced increase in the 
annual admission rate between 1980 and 1982 which 
was then sustained. This increase is unlikely to be a 
chance finding; it probably reflects a combination of 
a genuine increase in the incidence of self poisoning 
in adolescents, and an increased awareness of the 
problem and how it is best managed. 
Theoretically, all children aged 16 years and 
younger who are seen in the accident and emergency 
department of this hospital after deliberate drug 
overdoses are now referred to the paediatricians for 
admission and further assessment, whereas pre- 
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viously thcse who had tazen comparatively trivial 
overdcses and were cliniczl.y well would have been 
discha-ged w th no further zssessment or follow up 

The restl of this stud’ ccrfirmed some of the 
characceris:is of children taking overdoses that 
have previously been reco-ded. Hawton e* al found 
a female:mals ratio of 9:1,* and Wh:te! and Rohn et 
af? found &2% and 75% o? girls, respectively. Only 
one of tke patients in -his group was under 
the age oZ -z years. Neither Ha-vton et al nor White 
have ny ckadren under 13 years of age in their 
studies, althzugh Rohn et el gave an age range of 
7-19 years. Lumsden Walker hed five children aged 
12 yeers cr less in hus :eries of 50 ccnsecutive 
admissions * 

Details cf -he family and soc. zl backgrcund, and 
also of the immediately p»eciprating factors of the 
overdcse were similar to “ke findings of others. 
Loss o: a parent through separation or divcrce was a 
common feature, as were relationshi> prob'ems with 
parents or sf >-parents. 

The namber of childrem who were definitely 
victims of child abuse is almos- certainly an under- 
estimate; perhaps the increased awareness of this 
problem ll lead to more cases being identified in 
the xure. 

Schcol problems were rot a major precipitating 
factcr, conzrzry to reports X other authors*; in only 
three of these cases were worries at schocl deemed 
to pe the sing e factor prececing the suicide attempt. 

As m ths study, Hawton ei al found that two 
thirds of ais group took eitber paracetamol or 
salicylates. 3e also found that these drugs were 
taken more commonly by the group less than 15 
years cld tham »y the 16-1 vear olds. He also found 
that only a small number consumed alcohol. Both 
paracezar1ol and aspirin can be readily bought from 
chemists ard supermarkets, pr are in the family drug 
cabine:, yet in toxic doses both are potentially 
lethal. Forzuaately most cf the patients took only 
small quancit es of the drugs, with only 14% of the 
whok arcup requiring specitic medical treatment for 
poison.ng. I- seems that most of these children do 
not have serious suicidal thoughts, but their actions 
in taking an overdose are impulsive It is unlikely 
that many, i1 any, realise the potential hazards of 
takirg an excessive number of what they probably 
regard as comparatively hermless drugs, and educa- 
tion has taezefore an immor:ent part ta play in 
management 

An appreciable number of children stayed in 
hospital for =n unacceptali~ long time. In our area 
this is na onger such < problem because- of 
improvements in the paedia-ric/5sychiatric liaison in 
the past rew years, but in areas with limited 
resources (particularly in tae fezm of child psychiat- 


ric serrices) 1t is likely that children are either kept 
in hos-ital for longer than necessary, or are dis- 
charged with an outpatient appointment to be seen 
by a psvchiatrist but with no acute assessment being 
made e: the time of the overdose. In both instances 
by the are the child is seen the crisis is over. The 
weekly paediatric/psychiatric liaison meeting at this 
hospitél was initiated at the request of the paedia- 
tricians at a time when there was no immediate 
prospe-t of an increase in the number of child 
psychié:ry sessions in the district This gave the 
paediatricians the opportunity to discuss cases, 
includizg those admitted after deliberate self 
poisoning, with their psychiatric colleagues. Since 
this study was completed, more child psychiatry 
sessions Fave been allocated at the district general 
hospital. 

This Jeads on to another important point—the 
finding that more than half of the patients referred 
for further psychiatric help withdrew from treat- 
ment. This confirms the finding of White.! One way 
m which compliance may be improved is if the time 
between admisston and the psychiatric assessment 1s 
shortered, and 1f the liaison between the various 
agencies concerned in making these assessments is 
speede up. Newson-Smith and Hirsch assessed the 
ability 5f trained social workers to carry out initial 
assessments on patients who had attempted suicide 
and suggested that in hospitals where social workers 
were more readily available than psychiatrists, they 
should undertake some of these assessments." 

Concerning longer term problems, the figure of 
6% wh» were known to be drug abusers at the time 
of this study is (like the previously quoted figure for 
child abuse) almost certainly an underestimate as 
there gre likely to be several more who are not 
repistered drug abusers. The figure of 4% who were 
referre= for psychiatric help at a later date, how- 
ever, E probably fairly accurate as information 
about tnis 1s more readily obtainable. This bears out 
the hypothesis that this particular group of children 
are more psychologically than psychiatrically 
disturbzd 

The -umber of children who repeated the suicide 
attemp: (12%) is similar to that found in other 
studies White! followed up his patients for one year 
and in his time 12% committed further acts of self 
harm. similarly, Hawton et aÊ found that 14% of 
their g-oup repeated their self poisoning attempts 
within one year (10% of these within the first three 
months). The fact that nearly half of those in this 
study w3c repeated the attempt bad withdrawn from 
treatment emphasises the point that compliance 1s a 
serious obstacle in trying to help these young 
people . 

Final y, because this was a retrospective study, it 
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was not possible to examine directly the motivation 
behind the suicide attempts This was studied by 
Hawton et al and one of the conclusions from their 
study was that adolescents rarely took overdoses to 
get professional help, and this may partly explain 
the poor compliance with treatment.’ They sug- 
gested that rather than developing specialised agen- 
cies to help adolescents once they have considered 
taking an overdose, one should seek to modify their 
attitudes both to self poisoning and to seeking help 
at an early stage of their problems— not after a crisis 
develops. This could be achieved through discussion 
in schools, and possibly by education in the media. 
Taylor? puts forward a similar view in favour of 
preventive counselling services, which are not just 
available to those who are suicidal. 

In conclusion, those children and adolescents who 
are admitted to hospital following deliberate drug 
overdoses share a number of clearly identifiable 
background characteristics. Guidelines have been 
laid down for the management of these patients 
from the time they present to the accident and 
emergency department, but follow up suggests that 
however well these guidelines are adhered to, the 
ultimate success of treatment is largely limited by 
poor patient compliance. Education and preventive 
counselling services should be expanded to help 
those young people who are at risk. 


Thanks to the paediatric consultants at St Heher Hospital, 
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Carshalton for allowing me to study their patients, and to Dr 
Josephine Hammond for her helpful comments on the manuscript 
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At_antoaxial instability and abnormalities of the 
odontoid in Down's syndrome 


S ELLIOTT,* R E MORTON t AND R A J WHITELAW*t 


*Depcrtriert of Radiology, De-Eyshire Royal Infirmary and Departments of 1 Paediatrics and tRadiology, 
Dercyshure Children's Hcspita! Derby 


SUMMARY Radiography of “he lateral neck was performed on all children with Down's 
syndrome aged 4-15 in the =suthern Derbyshire health district (n=67) and a random selection 
of adults (n=94). Atlar toast] instab-lity, defined as a zap of over 4 mm, was present in seven 
(10951! children and twa (2X) adults. Odontoid hypoplasia, defined as an odontoid peg two 
standard deviations bekcw the mean in an age matched population, was present in 15 (22%) 
chilcren and 14 (15%) adu^:, with accessory odontoil ossicles present in two (2%) and two 
(3%) respectively. No one was found to have symptoms or clinical signs of spinal cord 
como-essicn. Atlantoazial mstability was therefore fcund to be commoner in children than 
aduts. Diferent prog-amme<s of management are suggested, in terms of regular clinical 
examination for signs acd symptoms and by radiographic screening. Particular care should be 
taken with those who have oth atlantoaxial instability and odontoid hypoplasia or accessory 


ossicles as they are at parfiular ris« of spinal cord damage. 


Interest in upper cervical inzability in Down's 
syndrcme has recently been rsnewed after the 
recom nendation by the Committe on Sports of the 
Amerran Academy of Pectstrics re.ating to 
particioation in sporting activitie:.! The Committee 
recommends preparticipaion tediograpts of the 
cervice] spine in flexion, exterzion, anc neutral, 
with sttention being directed => che atantoaxial 
region in order to prevert serius damage to the 
spinal cord. Similar recor.meacat:ons have been 
made n Britain by the D2»aricent of Health and 
Social Security (DHSS)* aad *£nrap.? 

Aknormahties of the pper cervical spine in 
Down’s syndrome have b22n te-ognised since the 
onginel worx of Tishler arc Mazel in 19€5.* There 
is a reported incidence cf atlzrtoaxial nstability 
of between 9-5 and 27% 57 Esople with Down's 
syndrome also have an ncrezsed incidence of 
abnc-rialities of the odomroid peg® and this may 
predispose to damage if they ala have at antoaxial 
instability. We found 13 case. of symptomatic 
atlan-caxial instability in Dors syndrome re- 
ported in the literature in wh featurzs of the 
odor-cid peg were specifcally mentioned All 13 
had accessory ossicles amd eit had coexistent 
odor-cid hypoplasia, altiougzi the size of the 
odor-cid peg was not mentizred in the other 
five, *- 


Unfcrtunately, surveys of atlantoaxial instability 
in Down’s syndrome have generally been unable to 
comment on coexistent odontoid hypoplasia because 
of the lack of normative data for the growth of the 
odontcid peg during childhood. Some surveys have 
also reported atlanto-occipital instability which may 
lead tc symptoms.” 18 1? We report the only United 
Kingdom survey of radiographic screening in children 
and adults with Down’s syndrome. Particular atten- 
tion wes paid to the presence of odontoid hypoplasia, 
using criteria for hypoplasia established 1n a parallel 
examiration of cervical radiography in 500 normal 
children 2? 


Subjec:s and methods 


Radiographs of the cervical spine were performed in 
all children in the Southern Derbyshire health 
district between the ages of 4 and 15 (n=67) anda 
random number of adults with Down’s syndrome 
(nz94 . The adults included 60 from adult training 
centres and 35 from the district long stay hospital. 
Radiographs were taken of the lateral cervical spine 
in flexion, extension, and neutral, at a film focus 
distance of 200 cm, as described by Clark.?! All 
films were reviewed by two of the authors (SE and 
RAJW) and assessed for (1) atlantoaxial instability, 
(2) odentoid hypoplasia and accessory ossicles (os 
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odontoideum and os terminale), and (3) atlanto- 
occipital instability. One adult refused to have a 
radiograph taken and was excluded from the 
results. 
(1) Atlantoaxial instability was assessed by 
measuring the distance between the posterior- 
inferior aspect of the anterior arch of the atlas 
and the nearest adjacent surface of the odon- 
toid process (z, fig 1). Measurements over 4 
mm were taken as abnormal.” 
(2) The hypoplastic odontoid has loosely been 
defined as an odontoid not reaching the upper 
edge of the anterior arch of the atlas.” We have 
recently found, however, that this is often a 
normal finding in children up to the age of 
about 9.? We assessed the height of the 
odontoid using the metbod described by 
McManners, measuring from the tip of the 
odontoid process to the superior aspect of the 
articular facets of C2 (y, fig 1).” In addition, 
we measured the distance from the tip of the 
odontoid process to the superior edge of the 
anterior arch of the atlas, which we termed the 
odontoid 'deficiency' (x, fig 1). The latter 
measurement must be taken (from a lateral 
radiograph) in the neutral postion.” Measure- 
ments of odontoid hypoplasia and deficiency 
were compared with measurements obtained in 
500 age matched individuals up to the age of 
20. 
(3) Atlanto-occipital instability was assessed by 





Figl Parameters measured in assessment of the 
atlantoaxial region. x=odontoid deficiency, y odontoid 
height; and z=atlantoaxial gap 


the method of El Khoury et al.” In normal 
people, the odontoid lies directly beneath the 
basion and this does not change with neck 
movement. This is not the case, however, when 
atlantoaxial instability occurs and the atlanto- 
Occipital distance is better measured by the 
distance between the anterior arch of the atlas 
and the basion. 

In this study we considered adults to be those over 
the age of 15 years. Growth of the odontoid peg may 
be delayed in Down's syndrome during childhood 
because of bony immaturity, however, and we 
assessed normal adult values from those over the 
age of 19 years: these were very similar to adult 
values in the series of McManners.^ 

All patients under the age of 15 were seen by a 
clinician (RM) who checked for signs and symptoms 
of spinal cord compression. Those over the age of 15 
were only seen by a clinician if atlantoaxial instability 
was found on the radiograph. 

Statistical analysis of the results was performed by 
the Student's t test. 


Results 


Details of the atlantoaxial gap and the incidence of 
atlantoaxial instability in males and females above 
and below the age of 15 is given in table 1. 
Atlantoaxial instability was present in no children 
out of 11 under the age of 5, in five children out of 
30 (17%) between 5 and 9, and two children out of 
26 (8%) between 10 and 14 years. The incidence of 
odontoid hypoplasia, odontoid deficiency, and 
accessory ossicles is given in table 2. 

Maximal atlantoaxial instability was always shown 
on the flexion film. In extension, the gap tended to 
decrease and the odontoid peg was not shown as 
well as on the neutral film. The size of the odontoid 
peg in our patients with Down's syndrome was 


Table 1 Adantoaxial gap and incidence of atlantoaxial 
instabiluy in Down’s syndrome 


Mean No (9*6) with 
atlantoaxial 
gap (mm) (SD) instability 
«15 
Male  (n=28) 2-9 (1-3) 4 (14) 
Female (n=39) 2-8 (1:2) 3 (8) 
Total (n=67) 2-9 (1:2)* 7 (10)* 
x15 years 
Male (n=51) 2 1 (1:8) 1 (2) 
Female (n«:43) 1-8 (0-9) 1 (2) 
Total (n=94) 19 (1-5)* 2 (2)* 


*Sigmficant difference, p<0 05 
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compared with the peg siz for the same aze range in 
normals (s3own in fig Z). A-though there was a 
tendency for the peg tc be generally smaller in 
Dowr's syndrome, this orly acaieved sigrificance in 
the adult zroup. 

Measurements of the odontoid deficiency in 
people wich Down's syncrome was compared with 
nomnal coat-ols (fig 3). Azain. there was a tendency 
for a greeter odontoid ceficiency in Down's syn- 
drome bu: -ais was only significant in the adults. 

Cne chad Ead appreciable atlantozxial instability 
and odonto d hypoplasia. One adult had appreciable 


Table 2. Frobiems of the caontcid peg in Down's 
syndrome 


No (%) wta Nc (%) with No (96) with 
odontoid significant accessory 
hypoplasia aciciency ossicles 
<19 years 
Males (a=39] 6 (15) 6 (15) 1 (2) 
Femele: (n-51] 9 (17) 3 (5) 1 (3) 
Total (n-XJ  15(17) 9 (10) 2 (2) 
#19 jars 
Male  (n-4» X 5 (13) 2 ©) 1 (2) 
Ferale: (n=3D 9 (29) 2 (5) 1 (2) 
Total (n-^I) 14 (20) 4 (5) 2 (3) 
Thee were ac significant differcaces 
+ + 


£ 
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Fig2 Leng kh of odontoid peg ci diferent ages ir. people 

with Dcwn's spidrome and in ormel controis 

+=Sigmifican: difference, p«t-85. 
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«5 z5-—40 »10-«15 215-«I9 219 
Age (years) 
Fig3 Odontoid deficiency at different ages in people with 
Down's-syndrome and in normal controls. + —Significant 
differenze, p<0-05. 


atlantcaxial instability together with a hypoplastic 
peg ard os odontoideum. There was poor correla- 
tion between odontoid hypoplasia and significant 
odonteid deficiency; 29 people had odontoid hypo- 
plasia but only seven had odontoid deficiency and 
six otiers had odontoid deficiency alone. Four 
patien's had accessory ossicles, one of whom had 
odontcid hypoplasia. 

No patients with atlantoaxial instability had signs 
or'symcptoms of spinal cord compression. 


Discussion 


In peo»le under the age of 15 we found an incidence 
of atlantoaxial instability of 10%, taking the upper 
limit of normal as 4 mm.” This was low compared 
with ocher studies, which indicated frequencies of 
9-5-27% with 4-5 mm as the upper limit of 
norma .*? For those people over the age of 15, we 
found an incidence of 2% with atlantoaxial instability 
using the same criteria. This figure is again low in 
compa-ison with the main study in adults, showing 
atlantcaxial instability in 10% of adults with a gap 
over 5 mm.” We feel the major reason for finding a 
iow incidence of atlantoaxial instability was because 
we dic rot encourage hyperflexion of the neck, 
which 1s used in some studies to maximise the 
atlantcaxial gap. We considered this could be 
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potentially dangerous and instead we simply asked 
the patients to flex their necks as much as was 
comfortable. Any difference between studies of the 
object-tube distance in taking the radiographs would 
be insignificant. Our patients were predominantly 
living in the community and included a wide range 
of all types of people with Down's syndrome. Many 
of the American series studied only institutionalised 
patients who could be expected to be in general 
more retarded with a possibily higher incidence of 
atlantoaxial instability 

In our study an extension film was found to be 
unnecessary in screening the neck in Down's syn- 
drome, one film in flexion indicating the maximal 
atlantoaxial gap and another in neutral allowed 
accurate visualisation of the odontoid peg. Recently 
Pueschel, however, reported a series 1n which up to 
25% of people with atlantoaxial instability would 
have been missed if an extension film was 
excluded.” 

Our study concerned a large group of people with 
Down’s syndrome of all ages and indicated that the 
mean atlantoaxial gap is wider ın young people 
compared with adults and that a greater proportion 
of young people have significant atlantoaxial sub- 
luxation. Laxity of the transverse ligament of the 
atlas predisposes to atlantoaxial instability, and this 
correlates with the degree of hgamentous laxity 
present in other joints in children with Down’s 
syndrome. Children also suffer from upper respira- 
tory infections and trauma, both of which may cause 
atlantoaxial instability. 4 15 27 

There could be a greater degree of ligamentous 
laxity in adults because of degeneration of the 
transverse ligament, which like other aging proces- 
ses, may occur faster in Down's syndrome. Different 
pathological processes may therefore be responsible 
for atlantoaxial instability in children and adults and 
occur in different people. In the only published 
longitudinal study of atlantoaxial instability in 
Down's syndrome radiographs were taken in 32 
patients, 13 years apart." One person had atlanto- 
axial instability initially but this disappeared, seven 
others originally had normal necks but later developed 
atlantoaxial instability. 

We found that the odontoid peg was generally 
smaller in children and adults with Down's syn- 
drome compared with normals. This 1s probably 
mainly because of the smaller stature 1n Down's 
syndrome, together with delayed growth of the peg 
in children due to their skeletal immatunty The 
odontoid peg does appear to be proportionally 
smaller in Down's syndrome as the odontoid de- 
ficiency is greater in Down's syndrome, but this was 
only significant in the adult group. Nevertheless, 
there is poor correlation between odontoid hypo- 


plasia and odontoid deficiency and it is unclear 
which measurement of the odontoid peg is of most 
clinical importance. We prefer the measurement of 
odontoid hypoplasia that is used in other series— 
that is, odontoid height; we found that 17% of 
children had odontoid hypoplasia, that is two 
standard deviations below the mean for an age 
matched normal population. This compared with 
696 1n another series,? although the criteria were not 
mentioned. A total of 20% of adults in our series 
also had odontoid hypoplasia, two standard devia- 
tions below the mean. 

We did not find any correlation between odontoid 
hypoplasia and atlantoaxial instability. Only one 
child had these conditions together (1:576) and one 
adult had both conditions with an accessory os 
odontoideum (196). Previous reports suggest that 
these people are at particular risk of neurological 
damage resulting from cord compression." Cord 
damage may occur in these cases even with mild 
odontoid hypoplasia because the lax transverse 
hgament overndes the odontoid peg and is held 
back only by the apical and alar ligaments connect- 
ing odontoid and occiput. Perhaps even more 
importantly, when an os odontoideum 1s present, 
the detached upper part of the odontoid can move 
forward and sometimes remain permanently dis- 
located.!! Pueschel et al feel that an atlantoaxial ga 
of 7 mm is sufficient to cause cord compression. 

Symptoms resulting from abnormalities of the 
atlantoaxial region in Down's syndrome appear to 
be rare Out of 161 people in our series, seven 
children and two adults had atlantoaxial instability, 
but none had symptoms. Semine et al found 10 
children with atlantoaxial instability, only one of 
whom had symptoms. Pueschel et al found seven 
out of 40 children with atlantoaxial instability had 
symptoms (18%), indicating an overall prevalence 
of symptoms in 2% of Down's syndrome children.” 
From a review of the world hterature, together with 
personal reports, Pueschel et al collected 42 cases of 
symptomatic atlantoaxial instability. Two of these 
became symptomatic in their mid forties and the rest 
were much younger, with mean age incidence of 
10-5 years. Children would be expected to suffer 
more symptoms because of the higher incidence of 
atlantoaxial instability and because the spinal cord is 
more easily compressed, being enclosed in a re- 
latively smaller spinal canal. It is possible that the 
under developed odontoid peg in childhood also 
predisposes to overriding of the transverse ligament 
in the way described. Pueschel et al also noted that 
females have a greater incidence of symptoms 
of atlantoaxial instability by a factor of 2-3:1.7 
We cannot account for this, as our study showed 
no significant differences between the sexes in 
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terms of the incidence of a:lantoaxial instability, 
odontoid hypoplasia, cr accessory ossicles. 

There :s understandetle concern that flexion of 
the neck during certain sporting accivities may 
dam age tae spinal cord m people with atlantoaxial 
instability. This has led to recommendations that 
people with Down’s syadrorre should have radio- 
graphs taken of the neck befone partcipating in such 
sports as diving, trampodinin3, pentathlon events, 
and violent contact sports suca as boxing.’ ? Radio- 
graphs saduld also be taken before intubation for 
anaesthes:a as excessive man pulation 5f the neck 
may be involved and this has resulted in cord 
damage in some people with atlantoaxial instability.” 
Mos: symptoms from at entoxual instability do not 
resu t fren specific injuries ard the DESS has also 
recommer ded clinical surveillance to check on the 
developraent of signs or 3»mptoms ot co-d compres- 
sicn in al. 2eople with Down's syndrcme ? Surgery is 
indicateG. far those wan cord dzmaae, usually 
concerning posterior fusion <f the atlas and axis 
vertebrae. 

Waie 2xisting recomm enáztons are sufficient for 
aduLs, there remains sore c:-ficulties i2 managing 
atlartoaxial instability 1a children. Some feel that 
radicgraphic screening 33oukd take place for all 
children with Down’s syndmme as the school 
curriculum contains many <«ctivities that could 
damage -he neck, for 2xamrle, forward rolls in 
gymnastics and general magh and tumble activities. 
In the absence of radiog-aphiz screening, we know 
cf some sciool authorities that restrict the activities 
of al chidren with Down’s syndrome to prevent 
injures occurring. Radogr=phic screening for 
atlantoax:zl instability in chilcren atcending school, 
in additicn to regular clia cal checks. has therefore 
become a contentious issue. Those in favour of 
screening point to the in.portance of prevention of 
cord damage before it ozcurs,” ?? especially when 
these ind-viduals may nct be zble to indicate their 
symptoms: and surgery s not always successful.’ 
Those agamst radiographic screening point to the 
rarity of neurological cemage from ctlantoaxial 
instability. They feel this coes ^ot justify the use of 
an insensitive screening test wk ch may cause undue 
parertal enxiety and lead thz unnecessary restric- 
tion of accivity in some people 

Folowinz our study, sur current practice in 
Soutrern Derbyshire is to screen all chidren with 
Down’s syndrome for adiantozxial instability with 
radiozrapas cf the cervica_ spire in the flexion and 
neutral pcs.tion, at school entrz arcund tre age of 5. 
About 82% of the children are unaffected and 
allow2d normal activity. The »emaining 17% with 
atlanfoaxia_ instability are res ricted from diving, 
trampolinrg, gymnastics incl.ding forward rolls, 


and contact sport such as rugby and boxing. They 
are encouraged to take part in other sports such as 
running, swimming, and slow horse riding; radio- 
graphs are repeated yearly. All children are checked 
clinically for signs of cord compression on an annual 
basis. We plan to repeat the radiography on all 
children at the age of 10. Particular care is taken 
over those with both atlantoaxial instability and 
odontoid hypoplasia or accessory ossicles or with 
atlantoaxial instability alone exceeding 7 mm (1-2% 
of the total). We feel this is a reasonable approach 
to preventing serious neurological damage occurring 
in these children. Adults should be checked clinically 
on an annual basis and screened radiologically 
before taking part in certain sports or before 
anaesthesia. We will be evaluating this programme 
over the coming years, in particular to determine 
why some people with atlantoaxial instability go on 
to develop symptoms and whether restricting activity 
does in fact help prevent them. 


We are grateful to the staff of the radiology departments of the 
Derbyshire Children’s Hospital and Derbyshire Royal Infirmary 
and to physiotherapists working in community handicap teams who 
arranged x ray screening for adults with Down’s syndrome. We 
are grateful to Dr C Murray-Leslie and Dr AP Abdulla for allowing 
us to study adult patients under their care Thanks also to Mrs 
Karen Pucnell for typing the manuscript 
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Short reports 


Heaf t2st results aft=r necnatal BCG 


P A G CRAWSHAW AND A H THOMSON* 


Communi-y Child Heath L.»artment, Derby and “Univ=rsity Department of Child Health, Leicester 


SUMMAR? Heaf testing was carried out on 98 
preschool Asian children wh- had received a BCG 
vaeccinat CR. A strong postive Heaf reaction 
(grade 3) -ccurred in on y two children Heaf testing 
can stil te used in tera osis screening after 
neonatal BCG. 


Most Ai;izn children torn .3 Britan have BCG 
vacünztüor in the neonatal period. A number 
subsequer:lv present a&ter coutact witi a case of 
tu2erculoss The interp-etati-n of a positive tuber- 
cuin test n such child-en 5 difficult. 

In an akempt to address -ts problem we have 
surv2yed taberculin pos tivity m orevio.isly vaccin- 
ate presciool British Dorn sian chidren. 


Patients ard methods 


Asian children born in Derby have routine BCG 
vacc natio:1 given by spectrally ~matned health visitors 
using D'ermo-jet (dose 0-2 mf. A rcutire check on 
corzversior. 1s made at th-ee maths by Heaf testing 
and infants with no respec are revaccinated 
(about 267. From the pzpula-n vzccimated in the 
standardsed manner 9€ pres-aool chidren were 
entered into the study. This re—esents avout 5% of 
the Asa4 preschool pcpulaxn of Derby. They 
were reccu ted from one chi.{ haalth clinic when 
they or a sibling were attending ior routine develop- 
mental surveillance or imamuntction. Ch_Idren were 
exc.cded icm the stucy if ev were currently 
taking cral corticosteroids or ii -aey had Fad measles 
illness cr immunisation im the p.eced:ng zwo weeks. 
Nome was thought to be at rix from tuberculosis 
before entering the stuc. 

A]. children had a standard T-.=af test with a spring 
loaded muviple puncture Mart 6 Heaf gun set at 1 
mm “or tacse less than 2 years old and 2 mm for 
those over 2 years, adminisiz-ed bv one operator 
(PAGC). Eesults were read aree to seven days 
later by the same operacor. (Lildren found to be 


grad= 3 or 4 positive were referred to the local chest 
clime for chest radiography and further review. 


Resuits 


Fort” seven boys and 51 girls entered the study. All 
had 3 visible BCG scar. Fifty one children were of 
Paki-tam Muslim origin; 35 were Punjabi Sikhs; 
sevem Punjabi Hindus, and five were from other 
Asta- ethnic groups. Eighty six of the children were 
first generation United Kingdom citizens. Overall 
there were 14 children (14%) who showed a grade 0 
respense, 75 (76%) with grade 1, seven (7%) with 
grade 2, two (2%) with grade 3, and none with grade 
4. There was no significant difference in the 
respcnses at different ages (table). 

Nizeteen children had a family history of tubercu- 
losis (four grade 0, 14 grade 1, one grade 2) and 
eight were known to have been in contact with 
someone who had been treated for tuberculosis (two 
grade Q. six grade 1). The two children with grade 3 
respcuses were siblings of Pakistani Mushm origin; 
there was no family history of tuberculosis, no 
histo-v of contact, nor of travel abroad. They were 
seen at the chest clinic, found to have normal chest 
radiozraphy and no further action was taken. 


Discussion 


Britisa born Asian children are at a much higher risk 


Table Number of children in each age group with each 
Heaf grade result 


Age Heaf grade result 
(months) 
0 i 2 3 4 
6-18 4 30 1 
>18-3C 4 12 1 1 
230-47 3 18 1 1 
242-6 3 15 4 
Total i4 75 7 2 
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of tuberculosis than their white neighbours,? and for 
this reason most have BCG given in infancy. Figures 
on the degree of tuberculin positivity in early 
childhood after BCG vaccination in infancy have 
been reported from around the world but Capewell 
and Leitch make the point that positive tuberculin 
tests should be viewed in the context of the 
tuberculin profile of the local population. A 
strongly positive Heaf test (grade 3 or 4) occurred in 
only 2% of our sample population. 

An ethnically similar population to that reported 
here was studied in Birmingham by Grindulis.* The 
tuberculin positivity was assessed at 22 months of 
age and 50% of the children had a negative response 
to Mantoux 10 tuberculin units and 25% were found 
to have no BCG scar. In contrast all our children 
had visible scars and only 14% were entirely Heaf 
negative. This may reflect the effectiveness of a 
standardised vaccination procedure.’ Strongly posi- 
tive tuberculin reactions were rare 1n both studies 
(H Grindulis, persona! communication). It should 
be pointed out, however, that the jet injection 
technique used in Derby 1s no longer recommended 
for BCG. 

The increased risk to Asian children in Britain 
may be related to the ease of travel abroad and to 
relatives visiting. Many Asian children are seen at 
contact clinics and Ormerod has recently shown the 
effectiveness of a programme of chemoprophylaxis 
in this group.” The British Thoracic Society recom- 
mendations do not give clear guidelines on the 
management of the Asian child contact with pre- 
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vious BCG.? The results of this study suggest that 
the British born Asian child should be treated like 
his white counterpart. When seen as a tuberculosis 
contact a strongly positive Heaf test should be taken 
as suggestive of recent infection, whether or not the 
child has previously had BCG. Such children should 
be carefully reviewed and considered for chemo- 
prophylaxis or prolonged follow up. 


We should like to thank the staff of the Derby Chest clinic for their 
help We are most grateful to Ranjit Bains, Harmesh Ark, and 
Jaspal Dosanjh for their help with interpreting. 
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Tuberculin response after neonatal BCG vaccination 


L P ORMEROD AND J M GARNETT 


Chest Clinic, Blackburn Royal Infirmary, Blackburn 


SUMMARY Of a total of 846 children of Indian 
subcontinent ethnic ongin given neonatal BCG 
vaccination, 823 (97%) were tuberculin positive 
when tested six to nine weeks after vaccination. The 
results show an initial immunological response to 
the vaccination. The possible reasons for the disparity 
between these results and others are discussed. 


BCG vaccination shortly after birth in children of 
Afro-Asian ethnic ongin is recommended by the 
Joint Tuberculosis Committee.! It has been routine 
policy to offer neonatal BCG to children of Indian 


subcontinent ethnic ongin in Blackburn since 1963. 
After the report of Grindulis et al that showed a 
poor immunological response at 22 months after 
such vaccination, a prospective study of early 
response to BCG vaccination was undertaken. 


Subjects and methods 


A total of 863 neonates of Indian subcontinent 
ethnic origin received BCG vaccination by intra- 
dermal] injection from the resident paediatric medical 
staff between August 1984 and July 1985 inclusive. 
Home visits were carried out by community nursing 
staff and a tuberculin test carried out and read 
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72 Fours ‘ater. Initially we planned to perform the 
tubercul n test at eight week: after vacanation, but 
due tc various reason:—fc> example change of 
add-ess, visits to relat-ves  hcspitalisation, and 
inte-current illness—in practice this was carried out 
from sx to nine weeks ater vaccination. 

Of the 863 vaccinatec children, 846 had a tuber- 
culin tes: performed. Pa-ents of two children refused 
pernriissi»a, 15 had moved and could not be traced 
by rine weeks after vacaaanon. The tuberculin test 
used was the Tine test (Lederle). The reaction was 
graced (4, as with the Heal test, reaccion 0 being 
negative, grades 1—4 beiaz pesitive. The presence of 
local BCG abscesses wes also recorded 


Results 


The resalts are shown in the table. Twenty four 
children aad small sulcutaaeous abscesses, with 
peak numbers found in tose vaccinated in August 
(n—5) and February (n=5) a: times of medical staff 
chamgeover. Twenty etscesses settled with dry 
dressings or aspiration, 2x bcth; four children were 
given short courses of topica. or oral isoniazid. 


Discussicn 


The results of this prospective study of a cohort of 
neomataly vaccinated cE1 drea over one year shows 
that as judged by a pcStive tuberculin test, they 
have developed an immunologica] response by age 
9 weeks. "wo recent repcrts of response to vaccina- 
tion neoaatally or at 3 rontas alsa showed a very 
high pos.tive tuberculin reaction rate. Eadfield and 
Allen prospectively showed a 98-3% positive Heaf 
test resu.t three months arter a2oratal subcutaneous 
BCG given by Dermojet injector ir. Derby.’ Packe 
and Innes, in a case-concrol study, shcwed a 94% 
postive tuberculin po-itive rate assessed three 
morths after vaccination at age 3 months.* 


Table Results from neonates vaccinated 


Age Total No No -tebercain No “%) tuberculin 
(weeks) tested postive* negative 
6 239 235 4 (1:7) 
7 183 181 2 (01) 
8 300 295 14 (4-7) 
9 115 112 3 (2-7) 
Total 846 823 23 (2.7) 


“All positive tuberculin reactioas wzre grade 1 or 2 

Anal-sis br 77 showed the only difference between the age groups 
was that irfants aged 8 week: aad :igmírantly more tuberculin 
negatives than those aged 9 weeks (7? 4-31, 0-05» p»0 01). 


Tke results reported by Grindulis et al are at 
varience with the results reported here,” and those 
from Derby and Birmingham, when tuberculin 
status was assessed two to three months after 
vacc nation. A large number of factors determine 
whether tuberculin sensitivity develops after BCG 
vacc nation, its initial strength, and the persistence 
of such tuberculin sensitivity.” 

Tiere are two possible explanations for the 
discmepancy between Grindulis's children and those 
reported here and elsewhere.** (1) Grindulis’s 
chilcrea did not have a high percentage of initial 
tuberculin positivity after vaccination. This could 
have been due to faulty vaccination technique, but 
this s unknown because no initial tests were carried 
out. (2) Although tuberculin sensitivity seems stable 
in oEler white children after BCG vaccination, this 
senstivity may not be stable in children from the 
Indian subcontinent ethnic group who have a 
different risk of tuberculosis 1n the United Kingdom. 

It is likely that routine BCG vaccination at age 13 
will 5e phased out by 1990 in England and Wales, 
and the only protection given to children of Afro- 
Asian ethnic origin will be that given to them by 
neoratal BCG. In view of the discrepancy between 
the carly results of tuberculin testing in this ethnic 
group after BCG, and that reported two years after 
vacc nation,” it is important to know the result of 
senal tuberculin tests in the Indian subcontinent 
ethnic group to see if there is a difference from the 
white ethnic group. We intend to carry out a further 
prosoective study of a random proportion of the 
chilcren reported in this paper, to assess their 
tuberculin response, four years after vaccination. 
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Somatostatin analogue in short term management of hyperinsulinism 


JM W KIRK, L DI SILVIO, P C HINDMARSH, AND C G D BROOK 


Endocrine Unit, Middlesex Hospital, London 


SUMMARY Five infants with hypoglycaemia due to 
hyperinsulinism were treated for between three and 
11 days with a somatostatin analogue, which raised 
the mean blood glucose concentration and lowered 
the glucose requirements in all. Somatostatin 
analogue appears to be useful in the short term 
management of these patients. 


The prompt and effective treatment of hypogly- 
caemia due to hyperinsulinism reduces substantially 
the risk of long term neurological sequelae.! Glu- 
cose alone, even in high concentrations, may often 
fail to maintain blood glucose concentrations within 
the normal range and other measures are required 
to reduce the excessive concentrations of insulin ! 

Diazoxide has been used but this drug has major 
side effects and may be ineffective, especially in 
younger patients. Natural sequence somatostatin 
reduces insulin concentrations but its therapeutic 
use is limited by its half life of only two to three 
minutes so that it is necessary to administer it by 
continuous intravenous infusion.” 

We have used long acting somatostatin analogue 
(SMS 201-995, Sandoz), which 1s more potent and 
specific than the natural peptide and can be given by 
subcutaneous injection, to treat five patients with 
hypoglycaemia due to hyperinsulinism. 


Patients and methods 


All patients were girls: four presented within a few 
hours of birth; the fifth presented at 9 months of age 
but gave a history from birth of hypoglycaemic 
symptoms, which had responded to two hourly feeds 
both day and night. Birth weights were above the 
50th centile for gestational age (table). 
Spontaneous hypoglycaemia with inappropriately 
raised concentrations of insulin and without keto- 


Table Details of patients 


Panent Age at Birth Gestation 
No presentation weight (g) (weeks) 
1 Birth 2610 36 

2 Birth 4380 36 

3 9 montbs 4000 40 

4 Birth 4400 39 

5 Birth 2970 36 


nuria was confirmed in all patients. Four proceeded 
to laparotomy with subtotal (95-98%) pancreatec- 
tomy; histological features of nesidioblastosis were 
seen in three specimens and the fourth had those of 
insulinoma. The fifth patient, whose blood glucose 
concentrations were easier to control than those of 
the other patients, recovered normal blood glucose 
concentrations over a period of several weeks. 
Blood glucose concentrations were measured 
hourly using the YSI Model 23A Glucose Analyser 
(Yellow Spnng Instruments) Plasma insulin con- 
centrations were estimated by a two antibody 
immunoassay.” 
Results 


A test dose of somatostatin analogue (1-0 ug) was 
administered subcutaneously to patient 1. Within 
minutes there was a rapid rise in blood glucose 
concentration and a concomitant reduction in glu- 
cose requirements, with the effect waning after four 
to five hours.* 

Somatostatin analogue was then admunistered 
subcutaneously in three to four doses per day, 
commencing at 1-0 ug/kg/dose, but subsequently 
titrating the dosage against response, for a total of 
three to 11 days. Increasing doses of analogue led to 
a fall in glucose requirements (although never into 
the normal range for infants of 4-6 mg/kg/minute) 
and to a reduction of glucose oscillation. All patients 
continued to require intravenous treatment. 

The figure (a) shows that in all patients the mean 
24 hour blood glucose concentration rose after the 
administration of somatostatin analogue (4-9 ug/kg/ 
day). The change in mean 24 hour blood glucose 
concentrations was significant (Wilcoxon’s paired 
test; p«0-05), although the change in glucose 
oscillation was not. Glucose requirements fell sig- 
nificantly (p« 0-05) (figure (b)). 


Glucose Insulin Diagnosis 
(mmol/l) (mUil) 

0 4 241 Nesidioblastosis 
11 29 0 Nesidioblastosis 
15 21-1 Nesidioblastosis 
05 72-0 Insulinoma 

08 26 2 ‘Transient’ 


hypennsulinism 
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due to Eyperinsulinism. We use it to stabilise blood 
glucose concentrations and to enable lower concen- 
trations of glucose to be used both preoperatively 
and perioperatively Given by regular subcutaneous 
injection its dosage regimen can be easily titrated 
against response and its short onset of action enables 
it to be of use in the emergency management of 
these patients, such as in the resiting of drips. 
There are some theoretical reservations about the 
long term administration of somatostatin analogue 
to children as 1t has profound effects on many other 
hormones.? * Until the long term effects of somatos- 
tatin analogue are known, the treatment of choice 
in severe infantile hyperinsulinism should remain 
surgical, with maximal pancreatectomy. Premedica- 
tion with somatostatin analogue greatly facilitates 
blood glucose control during the procedure. 


(a) Mean blood gluc»s? 
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Discazslon 


Recurrent pancreatoblastoma with inappropriate 
adrenocorticotrophic hormone secretion 


S J 2ASS ORE, P J BZERY, AND A OAKHILL 
Bristo. Royal Hospital fo- sicx Children, St Michael's Hill, Bristol 


previously been shown to produce inappropriate 


SUMMARY We describe a boy with recurrent pan- 
creato -lastoma who developed Cushing’s zyndrome 
due to naprropriate adrercepricotrophic hormone 
secretion. 


Primarz epithelial tumours 5: the pancreas are rare 
in chidhood. Although islet cell tumcurs have 


secretion of peptide hormones, we believe that this 
is the first report of a pancreatoblastoma producing 
adrenocorticotrophic hormone and an ectopic 
hormone syndrome. 


Case report 
A 22 month old boy presented with a firm, non- 


U* 


A, 
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tender, asymptomatic abdominal mass of 12 cm 
diameter. He was normotensive with a blood 
pressure of 112/75 mm Hg, normokalaemic with a 
potassium concentration of 3-6 mmol/l, had an 
appreciably raised a fetoprotein concentration of 
3670 ug/l (normal 2 ug/l), and a normal serum 
amylase of «300 IU/l (Phadebas method). An 
ultrasound scan showed a mass of mixed echo- 
genicity crossing the midline and separate from the 
kidneys. Plain abdominal radiography showed the 
mass to be focally calcified 

At operation the tumour was found to be ansing 
from the pancreas, and a subtotal pancreatectomy 
was performed. Histological examination showed a 
malignant epithelial tumour with areas showing 
acinar differentiation, areas of poorly differentiated 
cells with frequent mitoses, and squamoid cor- 
puscles. Immunoperoxidase methods showed strong 
staining for a, antitrypsin and a fetoprotein, but 
were negative for adrenocorticotrophic hormone, 
neurone specific enolase, and chromogranin. Elec- 
tron microscopy confirmed acinar differentiation; 
no neurosecretory granules were seen. The appear- 
ance was of a pleomorphic pancreatoblastoma. 
Tumour was present at the line of resection 1ndicat- 
ing incomplete removal. 

There was severe postoperative hypokalaemia 
(potassium concentration 2-1 mmol/l) despite in- 
travenous supplements. The blood glucose re- 
mained stable Treatment was commenced with 
actinomycin D and vincristine in cycles of three 
weeks, and the serum a fetoprotein concentration 
fell to 18 ug/l. After three months the concentration 
of serum a fetoprotein rose; computed tomography 
and a radionucleide scan using labelled antibody to 
a fetoprotein showed a tumour deposit in the 
posterior mediastinum. The chemotherapy was 
therefore changed to cisplatin/etoposide, ifosfamide/ 
etoposide, and doxorubicin in cycles of three weeks. 
The serum a fetoprotein then fell to normal 
concentrations, and treatment was continued for 
one year. He remained well off treatment for 18 
months. 

Three and a half years from first presentation he 
developed increasing fatigue, weight gain, and 
pigmentation. On examination he had a Cushingoid 
appearance, a palpable abdominal mass, and his 
blood pressure was 130/80 mm Hg. He was hypoka- 
laemic (potassium concentration 2:5 mmol/l), and 
had a raised serum a fetoprotein concentration (590 
ug/l). The plasma adrenocorticotrophic hormone 
concentration was 56 pmol/l (normal 2-18 pmol/l) 
and the uripary cortisol 2000 nmol/l (normal 55-740 
nmol/l). A 24 hour serum cortisol profile showed 
loss of diurnal variation. Abdominal ultrasound 
examination confirmed the mass arising from the 


pancreatic remnant. Chest radiographs showed 
several metastases. A computed tomogram of brain 
showed no abnormality of the pituitary fossa and 
this together with the appreciably raised serum 
adrenocorticotrophic hormone, skin pigmentation, 
hypokalaemia, and lack of response to either 
dexamethasone or metyrapone, confirmed the di- 
agnosis of inappropriate secretion of adrenocorticot- 
rophic hormone. This was recurrent and metastatic 
pancreatoblastoma, as shown by the recurrent 
pancreatic mass seen on ultrasound examination and 
associated with a raised serum a fetoprotein concen- 
tration, although histological confirmation was not 
attempted. 

Treatment was resumed with a combination of 
vinblastine, carboplatin, etoposide, and bleomycin. 
Unfortunately the tumour showed no response to 
two courses of chemotherapy, which was therefore 
withdrawn The child died three and a half years 
after diagnosis. 


Discussion 


Primary epithelial tumours of the pancreas are rare 
in childhood, and have a biphasic age distribution. 
Pancreatoblastoma like other blastomas of child- 
hood affects children in the early years of life, has a 
slight male predominance, and is sometimes associ- 
ated with Beckwith-Wiedemann syndrome.” There 
have been two previous reports of pancreatoblas- 
toma producing a fetoprotein.’ Another tumour, 
unique to late childhood and early adult life, affects 
females almost exclusively, and has been given 
various names including ductuloacinar adenoma and 
papillary-cystic tumour of the pancreas. It usually 
follows a benign course. 

Pancreatoblastoma can arise in any part of the 
pancreas and has distinct histological features in- 
cluding undifferentiated areas, acinar differentation, 
squamoid corpuscles, and the absence (by ordinary 
light microscopy) of islet cells. Originally thought to 
arise only from the ventral pancreas and therefore 
not to contain endocrine cells, it is now known that 
this tumour may arise in the distal (and therefore 
from dorsal) pancreas. The latter type seems to have 
a more insidious clinical onset, is non-encapsulated, 
and is associated with a worse prognosis. 

There have been several reports of islet cell 
tumours producing hormones such as adrenocorti- 
cotrophic hormone, gastrin, glucagon, and growth 
hormone releasing hormone,’ but non-islet cell 
pancreatic tumours are not associated with in- 
appropriate secretion of peptide hormones. Insulin, 
gastrin, and somatatostatin have been shown by 
immunohistochemistry in pancreatoblastoma,? É but 
we believe that this is the first case of pancreatoblas- 
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toma p-ocucing adrenocortcotrophic hormone and 
an ecto»ic hcrmone syndro xe. Although tssue was 
not availa»le from the recur-ent tumour, i is likely 
that acrenocorticotrophic borrrone secrecon was 
the result of endocrine (islet call) differentiation; 
this provides further evideace of the abili-y of this 
embrycnic tumour to differentiate along both ex- 
ocrine and endocrine lines. 


References 


! Hone A, Haratake J, Jum: A, Masumoto M, Ishii IZ, Tsutsumi 
Y Parcreatoblastoma in Japan, vith differential diagnosis from 
papJlery zystc -umour (ductubacma> adenoma) -əf the pan- 
creas Acta Pathol Jpn 1987;37:1—63. 

? Keh THEG, Cooper JE, Newmaa CL, Walker TM Kiely EM, 


Blum Hoffmann E Pancreatoblastoma in a neonate with 
Beckwith-Wiedemann syndrome. Eur J Pediatr 1986,145:435-8 

7 Iseki I, Suzuki T, Komum Y, et al Alpha-fetoprotein- 
pud pancreatoblastoma A case report Cancer 1986,57: 

+ Lokich J, Bothe A, O'Hara C, Federman M. Metastatic islet 
cell tumour with ACTH, gastrin, and glucagon secretion 
Cancer 1937;59:2053-8 

* Buchino J, Castello F, Nagaraj H  Pancreatoblastoma. A 
histochemical and ultrastructural analysis. Cancer 1984,53: 
963-9, 

® Kaishi K, Toyoda N, Kobashi Y, Ueda Y, Matsuo S, Yamabe 
H. Carconima of the pancreas with endocrine component in 
childhood Am J Clin Pathol 1985,83:95-100 


Correspondence to Dr SJ Passmore, Royal Hospital for Sick 
Children, St Michael's Hill, Bnstol BS2 8BJ 


Accepted 5 August 1988 


Intestinal disease in cystic fibrosis 


PS BAXTER,* J A S EICKSON,t S J/ARIEND, t AND C J TAYLOR* 
Departments of * Paediatrics, fPaediatric Surgery, and tPathology, The Children’s Hospital, Sheffield 


SUMMALY Three childrer with cystic fibrosis 
developed steatorrhoea un-esponsive to cL anges in 
pancrectic scpplements. Ta final diagncses were 
chroric giardiasis, stagnant loop syndrome, and 
Crohn’s disease. Refractor, intestinal synrotoms in 
cystic fibrosis merit further investigation. 


It is still controversial whetaer the gastro-ntestinal 
manifestations of cystic fibrosis are primary or 
secondary,! elthough recen: 2vidence shows that the 
basic defect in chloride trarspor- is expressed in the 
intestinal epitielum.* Sveatorrhoea. flatulence, 
abdo-mrnal pain, distal intestinal oDstruccion syn- 
drome, ard rectal prolapse ere usually improved by 
adequate pancreatic suppEmnertation, particularly 
with microsphere preparations.! ^ Occzsionally, 
however, high doses of these supplements, with or 
withou- H; antagonists, are ineffective. THis can be 
caused by incorrect use of tke supplements, or poor 
compliance, but coeliac disease and caws’ milk 
protein intoerance have also been described in 
associazion with cystic fibrosis.! Investigating three 
child-e1 whc presented in tais way showed further 
treatable intestinal pathology. 


Case r2ports 
CASE 1 


A 15 year old girl in earl~ puberty complained of 
varying bowel habit over several months, passing up 


to five loose stools a day, often containing 'blobs of 
grease’. She also experienced rectal incontinence 
with laughter, and frequent abdominal pain after 
food. Her weight gain was poor, but this could not 
be explained by her chest disease. Stool microscopy 
showed fat globules but no parasites. At first poor 
compliance was suspected. A jejunal biopsy speci- 
men, however, showed Giardia lamblia between the 
villi, and motile trophozoites were seen in the 
jejunal juice. After a three day course of high dose 
metronidazole she has been asymptomatic and her 
weight velocity has increased sharply. 


CASE 2 

A 77 year old boy had steatorrhoea, 8 g/day, despite a 
low fat diet (25 g/day) and up to 50 pancreatin 
microsphere capsules per day. His weight was 
between the 10th and 25th centiles, and height was 
on the 10th centile. Attempts to introduce a higher 
fat diet produced abdominal discomfort, distention, 
flatulence, and gross steatorrhoea. Cimetidine had 
no effect. As a neonate he had a Bishop Koop 
resection and ileostomy for meconium ileus, which 
was closed by clamping at 1 month. A year 
previously he had been admitted with subacute 
obstruction, which responsed to conservative 
management. Concentrations of serum iron, plasma 
ferritin, and vitamin A were low, and prothrombin 
time, vitamin D, and plasma bile acid concentra- 
tions were normal. Xylose absorption and a jejunal 
biopsy specimen were also normal, but fasting 
breath hydrogen was increased. Barium enema 


c4 


showed a persistent rounded filling defect near the 
caecal apex suggestive of a possible intussusception. 
A barium meal and follow through showed a dilated 
bowel loop running into a narrowed segment sugges- 
tive of a stagnant loop. At operation a stagnant loop 
was found and resected at the site of the previous 
operation. Over the next six months he tolerated a 
three fold increase in fat intake, with less than 10% 
steatorrhoea, and his weight increased to the 50th 
centile. He still has occasional abdominal pain and 
needs a high dose of supplements, but repeat breath 
hydrogen excretion and contrast studies are normal. 


CASE 3 

A 12 year old boy, treated for meconium ileus by a 
Bishop Koop ileostomy, presented with steator- 
rhoea. He complained of intermittent crampy 
abdominal pain, not always related to meals. He was 
otherwise asymptomatic, with weight and height 
following centiles between the 50th and 75th. 
Increasing his pancreatic supplement led to some 
reduction in his abdominal pain but shortly after- 
wards he was admitted with subacute obstruction, 
which resolved on conservative treatment. A jejunal 
biopsy specimen and breath hydrogen were normal 
on further investigation. Diatrizoic acid (Gastro- 
grafin) follow through showed a progressive disten- 
tion in the distal ileum and a stricture in the ileocolic 
region. A barium enema showed free flow to the 
caecum, but no contrast entered the ileum. At 
operation an inflammatory mass affecting the caecum 
was found and a right hemicolectomy performed. 
The caecal wall was thickened and fibrous with a 
1 cm constriction, and the findings on histology were 
those of Crohn's disease. His symptoms and steator- 
rhoea disappeared postoperatively but three months 
later recurred; barium studies showed an irregular 
stricture at the anastomosis, for which he is receiving 
prednisolone. 


Discussion 


We were surprised by the vanety of intestinal 
pathology in these patients, who represent about 
4% of our clinic. Many other patients have had 
symptoms of steatorrhoea that have responded to 
increased pancreatic supplements, and it was the 
failure of these three to do so that stimulated further 
investigation. In the latter two the extent of their 
problems was only fully realised after annual review. 

Chronic giardiasis is a well recognised cause of 
steatorrhoea and failure to thrive in young children, 
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but not in patients with cystic fibrosis. A recent 
survey, using stool antigen counter immunoelectro- 
phoresis, found an increased prevalence of infestation 
in patients, but did not report clinical symptoms.* 
An adult patient with acute giardiasis has also been 
described who presented with vomiting, watery 
stools, weight loss, and hypoalbuminaemia." Forma- 
tion of a stagnant loop at the site of a previous 
Bishop Koop ileostomy is again well known,’ but 
has not been described in patients with cystic 
fibrosis. There have been three case reports of 
Crohn's disease in association with cystic fibrosis: 
one in a child and two in adults.Ó Two presented 
with subacute obstruction, and all developed further 
typical complications. Many symptoms and signs, 
such as abdominal pain, diarrhoea, finger clubbing, 
and weight loss are common to both diseases, so 
diagnosis rests on imaging techniques and histology 
In our patient (case 3) diatrizoic acid (Gastrografin) 
was given for the dual purposes of treating subacute 
obstruction, which was believed to be due to the 
distalintestinal obstruction syndrome, and of imaging 
the bowel, as in neonates with meconium ileus. 
Adequate management of gastrointestinal prob- 
lems in cystic fibrosis improves the quality of life, 
and may, through better nutntion, improve their 
prognosis. The findings in our patients add to the list 
of gastrointestinal problems described in cystic 
fibrosis,’ and show the importance of investigating 
steatorrhoea or abdominal pain, or both, that do not 
respond to manipulation of pancreatic supplements. 
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Special advisory service for immunisation 


R HALL AND AL J WILLIAMS 


Departmen? of Communit? Medicine, Clvyd Health Authorty, Clwyd 


SUMMARY Among steps to imo-ove immunisation 
rates ia Clwyd an advisory service wes introduced 
for cai -drer. with 1mmunisazion problems. "Ve report 
on setting ap the service erd the first twe years of 
running it; during this time 19° children attended 
Influercing parental anc professional attitudes 
througa ed.icauon, counse. Bing, and the demonstra- 
tion o- good practice is emphasised. 


Ways -o 1riprove immuni:ztion uptake have been 
cons:dered m many districts. Initiatives in. Clwyd, 
after z Welsh Office directive in 1985, aimed to 
increase udtake of pertussis (C075) anc measles 
(57%) vaccines to at least 7)% within 12 months: a 
shor: tern zoa. towards Wo-ld Health Organisation/ 
Depar-mert of Health anc Soc.zl Securit- (DHSS) 
targets of SC% by 1990.1 

Various measures introduced included a service 
based n the ccmmunity fo- children with fmnmunisa- 
tion problems. Experience .n settinz up tae service 
and the fast two years cf running the clinic is 


reported. 
Methods 


Aims were defined: to investigate and advise on 
immunisation in relation zo sp2zific med.cal prob- 
lems; ^o ersur2 appropriate. immunisatior: for those 
with genuine vaccine contraindications; td act as a 
foca! point for education a»ou- immunisation; and 
to inc'ease the proportion of children protected. 

Referrals of any problems related to immunisation 
were eccerted from doctors, pr2-erably before or at 
the scheculed date for the procedure. Local paedia- 
tnc approval was gained ¿nd general practitioners, 
child nealh doctors, anc heelth visitors notified 
before monthly clinics commenced in Octwber 1985. 
Sessions were conducted Lv a community physician 
with < designated health visitor, initiall- in clinic 
premises i1 Wrexham tova centre, and from July 
1986, n Rhyl. 

Advice zfven strictly foilnwec DHSS guidelines, 
and "where possible, a>>ropriate vaccine was 
admunister2d immediately subsequent progress was 
monitored by health visitcrs L'etailed reports were 
sent to referring doctors, and action entered in the 
compaterised 1mmunisatic r. schedule. 


Results 


From Cctober 1985 to September 1987, 191 children 
attended. Community health doctors, who administer 
most immunisations in the district, referred 137 
(72%), while 37 (19%) were from general prac- 
titioners, 15 (8%) from paediatricians, and two 
(1%) from other sources. 

Ages ranged from 1 month to 16 years 2 months 
(mean 2 years 4 months, median 12 months). More 
boys (209) than girls (82) attended. Almost half 
(4596) vere first born, with a third (31%) second in 
birth order. 

Analysis of referrals showed 14 (7%) from social 
class I and II compared with 25% of all Clwyd 
children; 54 (28%) were from social class V as 
opposed to 1496 of Clwyd children. Of the 173 


Table 1 Reasons for referrals 


Condinor Frequency 
Personal Family Total 
Iustory history 

Convulsiens 15 52 67 
Vaccine -eaction 

Local 10 

Generz. 26 9 45 
Atopy* 12 7 19 
Allergy 

Drugs 2 — 

Eggs 6 — 6 
Developmental delay/ 

handicap 8 11 19 
Pennatal 3eonatal 

proble ns 14 — 14 
Past recommended age 

for vaccine 12 — 12 
Apnoca/3reath holding after 

neonatal period 8 — 8 
Severe parental anxiety — 7 7 
Cardiac sion 3 — 3 
Bram tumour — 2 2 
Death o^ sibling — 2 2 
Homoeocathic vaccine 2 — 2 
Meningiis 1 — 1 
Agammegiobulinacmia — 1 1 
Adoptioa — 1 1 
Cystic frzrosis 1 — 1 
Total 120 92 212 


*Includes asthma, eczema, rhinitis. 
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Table 2 Vaccine of primary concern 


Primary concern 


Pertussis antigen 

(alone or as triple vaccine component) 
Measles vacane 
Diphtheria/pertussis/tetanus vaccine 31 
Diphtheria/tetanus vaccine 15 
Polio vacane 
Tetanus antigen 
Heaf testing/ECG vaccine 
Rubella vaccine 
All immunisation procedures 


gy 


Š A NAU MD 


Total 


families represented, 49 (28%) travelled between 10 
and 30 miles to appointments 

Table 1 shows reasons for referral and whether 
the child or a relative was affected. More than one 
reason was sometimes given. Table 2 indicates the 
vaccine primarily concerned: in 11 instances two 
procedures of equal concern are included. Ten 
requests were for pertussis immunisation of children 
aged 2 to 6 years. Two teenagers who had no 
previous immunisations were referred for considera- 
tion of all procedures. 

Previous vaccine reactions were sufficiently severe 
for omission of pertusssis antigen in six instances 
and diphtheria antigen pending Schick testing in 
four. Measles vaccine with concurrent. gamma- 
globulin was given 1n 11 cases, although antipyretic 
agents are now preferred. Pertussis vaccine was 
advised for three children over 2 years of age on 
specific medical grounds. 

Apart from these, routine immunisation proce- 
dures were recommended and initiated in all 
instances, except for two families who rejected 
advice given. No reports of untoward reactions were 
received. 

The target of 70% uptake was achieved in Clwyd 
within one year for measles vaccine (72%) but not 
for pertussis vaccine; after two years, levels of 77% 
and 71% respectively were reached. 


Discussion 


The service described has a dual role, with respon- 
sibility for individual children with immunisation 
problems, and with a broader remit to influence 
Immunisation uptake in the community through 
education and demonstration of good practice. 
Education of professionals as well as parents is 
crucial to improving vaccine uptake; evidence 
suggests that DHSS guidelines are widely disregarded 


Frequency 
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by health visitors and clinic nurses, who have an 
important role in determining parental attitudes.’ 

To achieve its purpose this type of service 1s 
ideally community based: hospital facilities are 
unnecessary, aS proper interpretation of guidelines 
incurs risks no different to routine immunisation. 
The specialist nature of the clinics, however, 
provides reassurance, expertise for cases requiring 
special consideration, and practical training oppor- 
tunities. 

Siting of clinics and timing of appointments are 
unportant factors. Utilisation of services decreases 
with distance, and accessibility by public or private 
transport may have increased the willingness of 
families to travel to clinics.? Monthly sessions are 
necessary to accommodate some vaccine schedules. 
Potential immunisation problems should be identified 
before the first dose of tnple vaccine whenever 
possible because of the association between pertussis 
and measles uptake and confusion about respective 
contraindications, a factor confirmed by the fre- 
quency with which parents enquired about both 
immunuisations. 

The predominance of referrals from social class V 
was encouraging as immunisation uptake is known 
to have a social class gradient, although good levels 
can be achieved in situations of great deprivation." 

Presenting problems were similar to those reported 
elsewhere with genuine contraindications confirmed 
in few instances © Clinic interviews generated wide 
discussion and often advice was sought about 
children, vaccines, and schedules other than those 
primarily referred. First born children provided an 
opportunity to influence parental attitudes to 
immunisation of subsequent siblings. The extent to 
which advice was accepted indicates potential for 
improving uptake through careful parental counsel- 
ling 

Immunisation uptake rates in Clwyd have 
improved in concert with national trends to which 
various factors may have contributed. Theoretically 
the requirement for an immunisation advisory service 
of this kind should diminish if the educational 
component 1s successful. The effect of introducing 
the measles, mumps, rubella vaccine in October 
1988 upon clinic referrals and vaccine uptake will be 
interesting. 


We arc grateful to Mrs Susan Williams, Miss Margaret Jones, and 
Mr Tecwyn Williams for help with the preparation of this report 
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Platelet phenolsulphotransferase activity and ‘abdominal migraine’ 
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SUMMz3Y Low platelet 2ae3olsulphotransferase 
activit7 hes been reportec in adult patients with 
dietar. sensitive migraine. Platelet activity of this 
enzyir2 was therefore measured in children having 
‘abdominal migraine’ witk probable dietary trigger 
and in controls. No signifiant difference was found 
in act-vity between the two groups. There was no 
sigmfizant correlation betweer platelet phenolsul- 
photreasferase activity arc age. 


‘Abdcninal migraine’ in co] dren 1s characterised by 
recurrant central abdominal pain, and is typically 
associzted with pallor acc w:th gastrointestinal 
symptoms such as anorexia, nausea, or vomiting. 
Despi= th> term being clezr y self contradictory, as 
migrame comes from the Letir 'hemicrania! mean- 
ing “(pain in) the half of tae Ecad', it has become 
halloved by usage, and reflects the suggestion that 
there s a relationship wick ¢cmmon or classical 
migrae. rdeed, a positive “am:-ly history of cranial 
migra-3e is often taken as a ciagnostic criterion and, 
althovzh rct conclusive, evidence strongly suggests 
that tere 1s a relationstip between ‘abdominal 
migrate’ and common cr -lassicel migraine.’ As 
there -s, zs yet, no diagnostic laboratory test for 
migra-ie, tragnosis is purely clrrical, and it remains 
uncerain whether comm): pathophysiological 
mechznisms underlie the -wo conditions. 

In mary cases it is taught that attacks of 
*abcoainzl migraine’ can 52 provokec by articles of 
diet, with the list of foods implicated being very 
simila1 to -hose suggested zs being linked to dietary 
cranié mig-aine. In partm&ver citrus fruit, cheese, 
and claoco.ste are often ciec as provoking agents.” 
Adult migraine patients who belizve that dietary 
factor can provoke their attacks Lave significantly 


lower mean platelet phenolsulphotransferase P and 
phenolsulphotransferase M activity than patients 
with migraine not caused by diet or controls.‘ ? It 
therefore seemed of interest to measure platelet 
phenolsulphotransferase activities in a group of 
children suffering from ‘abdominal migraine’ with 
probable dietary trigger. 


Patients and methods 


Platelet suspensions in sucrose were prepared from 
blood collected from a group of patients attending 
Ealing Hospital as outpatients (n=21; 10 boys, 11 
girls) and from a group of controls (n=13; six boys, 
seven girls). The major criteria used for making a 
diagnosis of ‘abdominal migraine’ were recurrent 
central abdominal pain (more than three attacks in 
not less than three months) accompanied by pallor, 
Nausea or vomiting, or both, and a positive family 
history of migraine. At the time of study patients 
and controls were outside an attack and drug free. 
The mean (SD) age of patient group was 8-8 (2-5) 
years anc of the control group 7-9 (3-2) years with a 
range frem 3-13 years. Platelet samples were also 
collected from a group of adult controls (n=16) with 
a mean (SD) age of 36-6 (13-2) years with a range 
from 22 to 60 years. 

Phenolsulphotransferase activity was assayed 
using phenol (final concentration 10 mol/l) and 
tyramine (final concentration 130 pmol/l) as subs- 
trates for phenolsulphotransferase P and phenol- 
sulphotransferase M respectively. Platelet samples, 
prepared as described previously,’ were used as 
enzyme source. 


Results 


No significant difference was found in either platelet 


7*2 


r 
me 


Table Mean (SEM) platelet phenolsulphotransferase P 
and M activities in children with abdominal migraine and 
in controls 


Specific activity 

(nmollmg protei/10. min) 

Phenolsulpho- Phenolsulpho- 

transferase P transferase M 
Patents (n=21) 0 037 (0 006) 0-382 (0-025) 
Controls (n=13) 0-031 (0-007) 0 298 (0 043) 


phenolsulphotransferase P or phenolsulphotrans- 
ferase M activity between patients and controls 
(table). No significant correlation was found be- 
tween platelet phenolsulphotransferase activity and 
age (r=0-09). 


Discussion 


The condition to which the clinical label of ‘abdo- 
minal migraine’ has been applied does have certain 
characteristic features in common with ‘cranial’ 
migraine in terms of family history, symptoma- 
tology, and triggering factors. The fundamental 
difference between the two conditions is in the 
location of the perceived pain and, as discussed 
earlier, this fact renders the label etymologically 
unsound. The justification for its continued use 
would be some firm physicochemical confirmation 
that a relationship does exist between ‘abdominal 
migraine’ in childhood and common or classical 
migraine in later life. The lack, to date, however, of 
any diagnostic laboratory test for migraine makes 
this confirmation difficult. 

The finding that adult patients with migraine 
caused by diet have lower mean platelet phenolsul- 
photransferase activity than those with migraine not 
caused by diet or controls suggested the possibility 
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that a similar biochemical deficiency might exist in 
children suffering from ‘abdominal migraine’ with 
probably dietary trigger. The results of this study, 
however, fail to show any such common biochemical 
deficiency. Even so, interpretation of these negative 
results must be made with caution because of the 
relatively small numbers of patients investigated. 
With this reservation, we would state that, at least, 
no further evidence has been educed pointing to a 
common aetiology of so called abdominal migraine 
and the more firmly established ‘cranial’ variety. 


We thank the Ministry of Agriculture, Fishenes and Food who 
defrayed the salary of CG Mrs B Davies, of the department of 
haematology, Ealing Hospital, kindly prepared the platelet 
samples 
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Epidemiology of rheumatic heart disease 
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SUMMARY We compared the incidence of rheumatic 
heart disease in elementary schoolchildren from low 
and high socioeconomic groups; children from one 
of the schools were rescreened 10 years later. The 
results showed that the incidence of rheumatic heart 
disease was significantly higher in low socioecono- 
mic group but it is gradually declining. 


Rheumatic carditis is one of the most important 
preventable heart diseases in children. Although in 
developed countries there is a dramatic decline in 
the incidence of rheumatic fever and rheumatic 
heart disease, they still remain a leading cause of 
heart disease in developing countries such as 
Turkey.! ? This difference is reported to be related 
to factors such as crowding, nutrition, hygiene 


H 


urban-rural residence, and access to medical care.? 
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This study was undertazea to assess the effect of 
socioeconomic state on the prevaleace of rheumatic 
heart disease and whether there was any decline in 
the morbidity rate over the last decade with the 
improvement of medical tac lities. 


Methcd 


The study consisted of two sarveys In the first part, 
in 1975, a total of 3039 ch‘]d-er. (1421 girb and 1618 
boys) were screened. Ons group consisted of 1590 
childr2n from a shanty town whc atterded three 
prima-y schools, the other group consist=d of 1449 
childrzn of a high sociceconomic group from a 
prima-y scbocl in Ankara, Turkey. All tke children 
were white. 

Cardiec examination of 2ack student was carried 
out b" a paeciatric cardicloeist For a dagnosis of 
rheumat:c Eezrt disease tc be established a murmur 
was required -o be of at ]12a:t grade II/TV loudness, 
to hare typical characteris-izs, and radiacion. Chil- 
dren judged to have possible heart diease were 
further evaluated with zdectroca-diogr:phy, and 
chest radiozraphy and ecFccardiozraph» in some. 
Congenital cardiac diseases anc imnccen. murmurs 
were 2xcluded on these grounds. 

The parents of the chi cren filled 1n £ question- 
naire inquiring into the amcual income, aow many 
room: their housing had, tcw many members their 
family consisted of, and wketber or not fae parents 
or a member of their fariies had aad rheumatic 
fever or rheumatic heart 3. sease. 

In the second part of the study, in 1986, 538 
children of the low incom: group from Dne of the 
primary schools previously :tuclied were evaluated. 
The same precedures were indertaken. 

The significance of the d-fference between para- 
meters in different groups was analysed b» Student's 
t test: p<0-01 was consid3-ed significant 


Resul-s 


In the first pert of the stud-, ir. 1976. a zotal of 20 
cases {nine girls, 11 boys) zf rheumatic heart disease 


were identified, so that the total prevalence rate was 
0-658% Table 1 shows that the rate differed 
significantly between the groups. All of the children 
with rheumatic heart disease had mitral insuffici- 
ency, one with accompanying aortic valve insuffici- 
ency. Only three of them had mild exercise intoler- 
ance, one with dyspnea on effort. Four of these 20 
children had a definite history of rheumatic fever. 

On examining the questionnaires returned it was 
found that 75 out of 1317 (5-796) of the children in 
the low socioeconomic group had a history of rheu- 
matic fever; 1n the high socioeconomic group this 
was true in only 18 out of 815 (2-295) children. 
Unfortunately some of these findings were not 
confirmed by medical records. Thus thev may not be 
totally reliable. 

In tbe low socioeconomic group, where the 
income levels were significantly lower than in the 
other group, the children were living in houses with 
about four people/room. In the high socioeconomic 
group all the children lived in houses with about one 
person ior the comparable area. 

Ten vears later, when the pupils of one of the 
primary schools in the low socioeconomic group 
were screened, three (two girls and one boy) of the 
538 children were diagnosed as having rheumatic 
heart disease; this gives a rate of 0-56%. One of the 
children also had rheumatic activation according to 
the Jones criteria. The previous rate in the same 
school was 0-949765. The difference between the two 
periods was significant (table 2). 


Table 2 The prevalences of rheumatic heart disease in a 
school ir. ihe low socioeconomic group 10 years apart 


No of No wuh Rate (96) 
children rheumanc 
heart 
disease 
1975 637 6 0-94 
1985 538 3 0 56 


The difference between the two groups was found to be significant 
(p<0-01). 


Table 1 Prevalence of rheuz-atic hear; disease in the two groups 


No o} Ne with rheumatic heart disease Prevalence (%) 
zFildren 
Girls Bo vs Total 
Low scxioecoromic group 1590 7 19 17 1 
High. seciceco30mic group 1449 2 I 3 02 
Total 3039 9 11 20 06 


The di-ference tetween the two cup: was found t» be significan: (9<0-01) 


Discussion 


The prevalence of rheumatic heart disease among 
schoolchildren has. previously been assessed in 
various countries.) ? In 1970 Morton et al found a 
relatively high prevalence of rheumatic heart disease 
among the schoolchildren in the San Luis Valley, 
which is a region of low socioeconomic level.? 

Our higher rate for rheumatic heart disease in 

children from a low socioeconomic group is consis- 
tent with these reports. ^ The overall incidence, 
which was (1-696 in our series, 1s also considerably 
higher than in developed countries. 

The second part of our study shows a decline in 
the morbidity rate of rheumatic heart disease in the 
last decade. As the children from only one school 
from the low socioeconomic group were screened 
we compared the result with the rate found in this 
school alone, in 1976. Although the number of 
children may seem inadequate a parallel decline 
noted in the number of patients with rheumatic 
heart disease seen in our cardiology clinics seems to 
support our thesis. The reasons for the decreasing 
incidence in rheumatic fever and rheumatic heart 
disease has not been completely understood. Mar- 
kowitz agrees that widely disseminated programmes 
for the use of penicillin play an important part but 
insists that other unknown factors could be 


Endemic bladder stones in Nepal 
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important.” Gordis has concluded that changes in 
the occurrence of rheumatic fever cannot be fully 
accounted for just by medical care and antibiotic 
use, but that we lack adequate information regard- 
ing other possible cofactors and that although group 
A streptococcus is the critical aetiologic agent of 
rheumatic fever, the disease is probably multifacto- 
rial in ongin. 6 In Turkey we believe that improving 
medical care and greater access to health care have 
also appreciably influenced the documented decline. 
Further studies from developing countries might 
serve to enlighten the subject. 
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SUMMARY Bladder stones account for a large pro- 
portion of surgical admissions in many developing 
countries. We report in detail the clinical features 
and risk factors of one such case, a 5 year old Nepali 
boy, and propose the theory that a low calcium 
intake, by causing hypocalciuria, predisposes to 
bladder stone formation. 


Bladder stones are endemic in an area stretching as 
a belt from Turkey and Iran across India to Thailand 
and beyond to Indonesia and Papua New Guinea. 
However, they are rare in Africa.! They are also 
rare in the developed world, although this has not 
always been the case: they were common in England 
before the turn of the century when itinerant litho- 
tomists flourished especially in ‘stone districts’, 


where the prevalence was unusually high, such as 
Norfolk. 

In these areas of endemic bladder stones, boys are 
affected more than girls with a peak incidence at 
5 years of age and the stones, which are rarely 
present in the kidneys, usually consist of uric acid, 
ammonium acid urate, or oxalate.’ This is in 
contrast with the stones found in people from 
developed countries which are rare, occur in adults 
rather than children with a roughly equal sex 
distribution, are more common in the upper urinary 
tract, and usually consist of phosphates. 

The following is, as far as we are aware, the first 
detailed case report and analysis of a bladder stone 
from Nepal. In addition to the commonly held 
dietary cause, we suggest that a low calcium intake 
may contnbute to stone formation. 
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A 5 year 2.d Nepali boy Lad a one year history of 
dvsura, and his urine wes oft2a c. oudy and some- 
times blood stained. He was cne o five children 
living in < amily in a hil. villege about ive hours’ 
walk trem Pokhara, Nerzls second larzest town. 
His father worked on tns land. His diet was 
vegetariar, consisting meia y 2f white rce, some- 
times zater with lentils, -2zetables in season, and 
milk jess than once a wecE. He drank fresh spnng 
water from a nearby soucz. 

He weighed 13-5 kg (jus: 32lew the third percentile 
for age). He was normal when examined zwake, but 
under anaesthesia it was 25:sible t5 palpate a hard 
plum zized suprapubic mes 

An abdominal radiogragF showed a 4 cm radio- 
opaque bladder stone. Tre arme was steile with a 
macrcscoric sediment anda raicroscopic hz ematuria. 
Urine corcentrations of celcium and oxalate were 
both low (0-42 mmol/l noma 1-2-8-8) and 
0-08 n-moVI (normal 0-2-6-5 respectively and phos- 
phate was normal (20-07 mmol/l (normel 11-32)). 
Serum conzentrations of calcium (2:2= mmol/l), 
albur_n (38 g/l), and urate ()-23 mmpl/l) were 
normal wide the concencreticn of phosohate was 
raised (3-24 mmol/l (normal )-8-1-5)); creatinine 
was low (35 pmol/l (normed 50-130)). 

A crsto-cmy was performed at which a beige 21 g 
stone 7asremoved. He matan uneventfu recovery, 
returr ng :o his village one vezx later. 

Both th= stone and urire :.eciment wer found to 
consis manly of urates. x Kay crystallography 
showed a central core to the stcne compri ed mainly 
of ammonium acid urate wrta a much smaller 
proportion of calcium oxzlae 

The mineral content of bis dnnkmg water was 
analys2d. Ihe concentratecr o? calcium ‘vas low at 





Figure Elcader stone remorce from Nepali boy. 


8-4 mg/l (Thames Water average at Surbiton, 
99 mg/l). Other salts were as follows, with Thames 
Water average figures in brackets: magnesium 
3-6 mg/l (4-3), phosphate 0-1 mg/l (3-1) and silicon 
dioxide 10-7 mg/l (range 3-8-11). 


Discussion 


Bladder stones are, in our experience, a common 
condition and an important cause of morbidity 1n 
Nepal. One of us (MA) anaesthetised about one 
such case each week at Gandaki Zonal Hospital, 
Pokhara: the stones were rapidly removed and 
5laced among a large collection of similar stones, 
the heaviest of which were distributed to the surgical 
staff to be used as paperweights. Cystolithotomy 
constituted about 10% of operations on children in 
chis hospital, a figure similar to that found in other 
hospitals in the *bladder stone belt'.! 

The cause of the uneven distribution of bladder 
stones is unknown. They are not causally related to 
dehydration, malnutrition, vitamin A deficiency, 
urinary tract infections, hypercalciuria, nor hyper- 
oxaluria. The dietary theory has gained most accep- 
tance and proposes that bladder stones occur in 
communities that subsist on just one cereal—for 
example, rice, millet, or Wheat but not maize, the 
staple in much of Africa. The probable mechanism 
tor this association 1s that such a diet raises the 
urinary ammonia concentration which, in the 
presence of the high uric acid concentration found in 
all normal children (falling to adult concentrations 
by the age of 10 years), precipitates out as ammonium 
acid urate.^ In this case it was not possible to 
measure the urinary ammonia concentration because 
of storage. 

We hyoothesise that a low calcium intake may 
also predispose to bladder stones by causing hypo- 
calciuria, which has been shown in vitro to favour 
the precipitation of ammonium acid urate.? The 
calcium requirement of this boy was 400-500 mg a 
day*; this is much lower than in a temperate climate 
because of exposure to abundant sunshine. Never- 
theless, his 1ntake would have been inadequate: rice 
IS a poor source of calcium, and milk was rarely 
taken. In hard water areas, drinking water can be a 
major source providing up to half of daily require- 
ments but one litre of the drinking water in this case 
would have contributed a mere 8-4 mg of calcium. In 
response to a low calcium intake, hypocalciuria 
maintained the calcium balance in this case and he 
had not developed biochemical rickets. Other studies 
nave reported that among stone sufferers there is a 
low dietary calcium intake, soft drinking water, and 


as 


hypocalciuria; these studies, however, were per- 
formed before it was known that hypocalciuria could 
influence precipitation of ammonium acid urate and 
so a causal relationship was not suggested.! ? 

The only other report linking drinking water to 

bladder stone formation is from Chad where stones 
were associated with high concentrations of silicon 
dioxide in the water; the concentration was normal 
in the spring water drunk by the Nepali boy in this 
case. 
Further study is needed to assess whether com- 
munities who eat a one cereal diet, as do most rural 
communities in Nepal, are protected from bladder 
stones if their dietary calcium intake 1s adequate or 
if the drinking water is hard. 


We wish to thank the International Nepal Fellowship for arranging 
and allowing us the experience of medical work in Nepal We 
would also like to thank Dr K Josh: for allowing us to study his 
surgical patients, Dr A Symonds of Guy's Hospital, and Dr J Sutor 
of Birkbeck College for analysis of the stone We also thank Dr J 
Colbourne, Mr N Faber, and Mr J Green of Thames Water for 
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analysis of the water specimens and Dr M Dillon of The Hospital 
for Sick Children, Great Ormond Street, and Dr G Haycock of 
Guy's Hospital for help in prepanng this manuscnpt 
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Neonatology—tken and now 
Neoaatal sepsis (1968. 


(CHM Walker) 


Two outbreaks zf neonatal skin sepsis caused by Staphylococcus 


aurzus, phage type 71 


C H L HOWELLS AND H EVERLEY JONES 


Royal Hospital, Wclvzrkumpton (Arch Dis Child 1961;36:214-6) 


One aspect of neonatal care wtich has not changed 
with the passage of time i: -he ever present threat of 
infectron. The subject of this caper was a constant 
problzm in nurseries at the tume aad paediatricians 
were arning of the ubiquitous nature o^ Staphylo- 
cocci aureus and Candiana alb:3:ans. Staphylococcal 
pneur- onia, meningitis, anc os eomyelitis were not 
uncor-mon and the skin as ar. avenue cf infection 
was E Ways a WOITy. 

In tats paper 14 cases cf major bullous lesions or 
abscesses caused by S crre«s occurred in one 
hospral over a period cf 15 days. S cureus was 
isolated also from one war sis-er, a window ledge, 
and = partition. In the ctae- hospital two cases 
occur-ed on the same dar: a mother aid a ward 
sister were found to be carriers and the ward was 
immediately closed. Effors were directed towards 
the pr=vention and contrcl cf catbrezks cf this kind 
and tae management advice offered here was as 
follows: 

“The organism isolated was-ound to bs penicillin 
sznsitive in all except one rafant. Peaucillin was 
t-erefore given tc al 2xcept the most mildly 
atfected The skin lesions were treated with 
lccal applications of Uavine or gentien violet 1n 
sirit. The latter sezred to be ra-her more 
eifective. The carners were treated with 
ganeodin apphed tc the anterior nares, and 
excluded from duty unt their nasal swabs were 
czar. When the secomd cases occurred, the 
practitioners attencinz infants discharged 
s. bsequently were asked t» notify the hospital 
il any infection develcped .n either mothers or 
tFeir infants. Only cre sach came fo light, a 
sgle spot which rapidly disappeared. The 
vards concerned were closed to furer admis- 
sns and the walls trcroighly cleaned, using 
1230 'savlon'. Follow.ng ths, redecoration was 
undertaken. 

The blankets and mactresses used were 
sved Subsequently, :otion celluler blankets 
were introduced. The use of hand creams and 
saps containing cFloxcrexi line was encouraged. 
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It is our impression that, following these 
outbreaks, there 1s greater awareness of the 
possible dangers amongst the nursing staff, and 
there have been no further cases.’ 


Today. Where good general management and 
hygien2 exists in the postnatal ward serious skin 
infections in the term baby have been reduced to a 
minimum and outbreaks such as those described in 
this paper are rare. But how things have changed in 
the special care baby units and intensive care units! 
Gone are the caps, masks, and overboots—and 
white coats or gowns seem to be a matter of personal 
choice. The nursery doors are open to all and sundry 
(almost) and checking staff for carrier state of 
organisms dangerous to the baby has been aban- 
doned. This has made life very much easier for those 
working in and visiting these units, but 1t has also 
made it more difficult for everyone to remain 
vigilan: and ensure scrupulous hand washing and 
exclusion of the obviously infected adult or sibling. 

The type of organism may have changed but 
outbreaks of infection in these units still occur. 
Many are as, or even more, life threatening and 
difficult to eradicate than the old staphylococcus. 
The organisms are often less sensitive to available 
antibiotics and viruses lurk in the background 
waiting their chance to produce pneumonia and 
myocarditis. While attempts are being made to 
reduce some of these problems by reducing the 
duraticn of courses of antibiotics,! and while the 
value of routine immunoglobulin remains un- 
certain,’ > the battle between wily organisms and 
pharmaceutical scientists loses none of its intensity. 
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Personal practice 


Immunisation for all? 


L POLNAY 


University Hospital, Queen's Medical Centre, Nottingham 


Success 


Success of an immunisation programme depends 
upon enthusiasm, knowledge, and administrative 
efficiency. These are most important at the level of 
tbe individual practice or clinic. Immunisation 
figures for a district hide a huge range of local 
variation. Collection of local figures for a clinic or 
practice provides a powerful reinforcement of the 
practice and an excellent incentive to improve 
matters where outcomes are poor. 

From the outset 1t must be clear who is respon- 
sible for immunising which children. Stating people's 
responsibilities in these terms is essential if ım- 
munisation uptakes are to be good. If it is not, the 
doctor or the community nurse would be content to 
wait for every immunisation initiative to be taken 
higher up in the hierarchy and merely respond to the 
demand that this generates. An example—general 
practitioners may immunise some children in their 
practice but not set out with the well thought out 
task of immunising them all. 


Roles 


Immunisations may be given by community nurses, 
general practitioners, or child health doctors. Doc- 
tors are an extremely expensive source of manpower 
for giving immunisations. Many district health 
authorities and general practitioners still rely upon 
doctors to carry out this activity. In community child 
health clinics in Nottingham immunisations are 
given by trained clinic nurses after a prescription has 
been written in the notes by the clinic doctor at the 
six week check. 

In the world of ‘do it yourself? blood pressure 
measurements I wonder how far off 1s the vending 
machine in which an appropriate limb is inserted 
and after putting in the token received by post the 
correct immunisation 1s given. Could we provide a 
24 hour service? 


Some professional problems and their solutions 


Immunisation is a far more opportunistic process 
than we perhaps accept. The idea of the queue of 
prams and their occupants forming spontaneously 
outside every child health clinic when children are at 
the age of 3 months, 5 months, and 10 months, is but 
a community paediatrician's dream. In my own 
clinic in a deprived inner city area less than 10% of 
immunisations are given at scheduled times. Im- 
munisation, therefore, represents a continuous cam- 
paign with them being given at all ages with modest 
peaks only around the target ages. Effectively, 
therefore, any clinic contact can be used for im- 
munisation. Reminding the doctor or nurse about 
the immunisation status of the child by recording it 
boldly on the cover of the notes is an important 
means to identifying unimmunised children at any 
type of clinic attendance. Having found one such 
child at a clinic, the next step is to look at the 
immunisations of brothers and sisters who may be 
innocently accompanying them to the clinic or 
who should be asked to come next time. Records 
must of course be up to date if this method ıs to be 
useful. 

The profession, nurses and doctors, have been 
shown to be uncertain in their knowledge about 
immunisation. Their drawers may be stuffed with 
outdated and confusing local and national memor- 
anda on immunisation collected over the last 20 to 
30 years. Spring cleaning of out of date memoranda 
and their replacement in Nottingham by our own 
‘Practical Guide to Immunisation’ has provided 
doctors and nurses with practical and positive advice 
which is consistent across the district and enables 
them to answer the types of questions that parents 
ask, and to counsel parents effectively. The 'Practi- 
cal Guide to Immunisation' is now included within a 
structured training procedure which includes a video 
and trainer’s manual.’ 

Where in doubt doctors need a source of advice 
on immunisation; the availability by telephone of 
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the community paedia rnciaz enables nearly all 
uncertainties to be resolzel very easily. 

It s ofter. difficult to judge contraindications from 
necratal discharge letter. But those witt direct care 
of the child et this time ar2 pr-bably those best able 
to -cdge wnether or not 32nmne contrzindications 
exist. It is -Eerefore the prac: ce in Nottingham to 
give Dositiv2 advice in necrztal discharge summaries. 


In the clinic 


It is impor ant to alloca:c an adequate amount of 
tim? for ccunselling pareals. Tis 1s she only way to 
avoic chiücren not beirg im. nunised >ecause of 
‘astamatic fats’ or ‘fits of tenrer' because sufficient 
time was not taken to get a proper histery. Where 
paremts are anxious o% an-ertain, rather than 
pusamg then into a hasty decison, it is much better 
to arrange to see them igan. Sameumes it is 
impo-taat tc see other importar people, fer example, 
gramdparen s, whose views mzy be very important 
and who may be exerting conaderable pressure on 
the mother. There is cleazły ar element cf diminish- 
ing returns here in that tFere are som? who will 
nev2r be cersuaded however often we may see 
them, but certainly a secoad and sometimes a third 
cons.ltatior followed up 37 opportunistic reminders 
can Ee verv successful. 

Appointment cards sen” to 5arents need not be 
just Eland :nvitations. They czn carry am important 
heait3 education message aith regard toimmunisa- 
tion and can be persona.ised. Parent held records 
are a so va.aable in reinf>-cinz the message. 

In zhe ckaic efficient acinini:tration is important 
to ensure tat immunisat cr. rezords can be quickly 


found and that these records are up to date. The 
clinic staff must also be aware of the need to update 
histories before immunisations are given. 

Home visits can. be valuable in mopping up 
pockets of unimmunised children. Very often the 
parent will attend clinic for subsequent immunisa- 
tions aiter the demonstration to them of the 
importance that the doctor attaches to 1mmunisation. 

Inviting school children to the clinic to look at our 
work may provide an additional ally in the home. 
Parents may remark that after one of these activities 
their school aged children are consistently nagging 
them to Dring the baby to the clinic for immunisation. 
Stickers or certificates for immunised children may 
prove to be additional incentives. 


Summary 


Immunisation programmes can be successful if there 
is continuous effort among those concerned, who 
have confidence in their knowledge, and a high level 
of commitment to immunisation. Training is 
required for all.' Feedback of results is essential. 


Nottinghara traimng package on immunisation (£90-00 each), 
training manual only (£5 50 each), and practical guide only (£2 00 
each) can be obtained from Mrs K Tyler, Assistant Director 
Support Services, Community Unit, Memorial House, Standard 
Hill, Nottingham NG1 6FX 
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Contemporary history 


Dr Barbara Ansell 
CBE, MD, FRCP, FRCS 


On 30 August 1988 Dr Barbara Ansell retired from 
National Health Service practice after a distin- 
guished career as a rheumatologist initially at the 
Canadian Red Cross Memorial Hospital, Taplow 
and then at the Clinical Research Centre, Northwick 
Park. There can be few paediatricians in the United 
Kingdom who have not had direct clinical contact 
with her over the past 30 years in her capacity as the 
doyenne of paediatric rheumatology. How then did 
she come to achieve this unique position? 

She was born at home in Warwick in 1923 into a 
non-medical family and read medicine in Birming- 
ham during the war years where she received a 
distinction in surgery. Her earliest paediatric influ- 
ence came when she was a patient in Warwick 
County Hospital under the care of Wilfrid Gaisford, 
later to become Professor of Paediatrics in Manches- 
ter. House jobs in Birmingham were followed by her 
only formal paediatric training for two years in 
Northampton A further house job under Professor 
McMichael at the Hammersmith led to the MRCP 
diploma and a desire to pursue a career in cardiol- 
ogy. Attempts were made to dissuade her from this 
when told that there was a string of men waiting for 
posts in cardiology and that as a woman she would 
be well advised to think of something else (how 
times have changed?). A year in Chicago with 
Professor Robert Cark on an Eli Lilly scholarship is 
remembered as the most academically stimulating of 
her life and she returned full of enthusiasm. Still 
keen on pursuing a career in cardiology she was 
given a post as research fellow at the Canadian Red 
Cross Memorial Hospital at Taplow where Professor 
Enc Bywaters wanted her to study the heart disease 
of rheumatic fever. However, she very quickly 
became much more interested in the arthritic 
aspects of rheumatic fever and consequently all 
forms of arthritis in children. 

In 1962 she was appointed consultant in a joint 
appointment between the NHS and the Medical 
Research Council a post she held until her retire- 
ment. One of her major research interests has been 
in the classification of arthritis in children and this 
formed the basis of a thesis for which she was 
awarded the degree of MD with distinction in 1965. 
Twenty years later most of the important findings of 
that work have been shown to be correct and a 





greater understanding of disease patterns and prog- 
nosis has emerged from her unique experience 
gained from long term follow up of patients over 20 
to 30 years. She has pioneered novel management 
techniques with a specialised team of physiothera- 
pists, occupational therapists, social workers, 
orthotists, and orthopaedic surgeons. Those who 
have worked closely with her have been deeply 
impressed by a phenomenal ability to remember 
details of children and their families, by the very 
practical nature of advice given, and by a gift for 
making instant friends with children 

Honours have flowed her way. In 1978 she was 
elected a member of the Bntish Paediatric Associa- 
tion and ıt was most appropriate that she gave the 
George Frederic Still Memorial lecture to the 
annual meeting of the BPA in 1981 on 'Chronic 
Childhood Arthritis Today'. A CBE in 1982 and an 
honorary FRCS in 1985 are among many other well 
deserved honours. 
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What then are Dr Ars2]1's main ach evements? 
Tke Tapl»v group quite cl2arly s30wec that early 
active manzgement of chicrea with arthritis could 
lead co sizniticant improremenis in outcome. Chil- 
dren frem zl! over the Uricec Kingdom and many 
other parts of the world, Lenefited from the high 
qualiry irnpetent managemen: and supzrvision of 
subsequeat treatment from hər unit. However, it 
was Cleer that Taplow woad have to close (it was 
built n 1€1* with an estimased life of 10 ~ears!) and 
Dr AaselL who always be i2 ed that the fature lay in 
good repio3al services, sət about training and 
influencing paediatrician. throughout tbe country 
She nspired the setting dp of regioral clinics, 
usual y stafsed by a paeciarician and rLeumatolo- 
gist, enc foc the past 10 y2acs ske has spent much of 
her tme v.iüng these c>vres on a regular basis, 
ensuring a smooth transction from the centralised 
care of fo-rrer years. There are als» many countries 
in the worl= where there are paediatrcians who 


have been trained at Taplow and later Northwick 
Park, and who have subsequently returned to the 
unit tc once again partake of her most generous 
professicnal and personal hospitahty. When asked 
what her greatest contribution has been she replies 
‘training doctors all over the world that children 
with arthritis are not just miniature adults'. Interest- 
ingly she feels that her most influential publication, 
of which there are over 300, is ber booklet for 
parents When your child has arthritis. Of hopes for 
the future, she would like to see more money and 
effort being devoted to basic research. 

She was born on a Thursday and therefore had 
‘far to go’. Dr Ansell has not only come a long way 
but she has brought many others with her. Paediatri- 
cians and children with arthritis from all over the 
world are grateful to her and we wish her many 
happy vears of retirement during which she intends 
to devote much of her energy to the chanty 
‘Arthritis Care’. 
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Annual statistical review 


P O D PHAROAH AND E ALBERMAN* 


Department of Community Health, University of Liverpool, and * Department of Clinical Epidemiology, 


The London Hospital Medical School 


This is the second in a series of annual reviews of 
national statistics relating to children. As this is a 
recent addition to the topics covered by Archives of 
Disease in Childhood, we again invite comments 
from readers on the suitability of the statistics 
covered and suggestions as to what additional 
material should be included. 


Demography 


The annual number of births in the United Kingdom 
has been rising since 1982 and 1986 continues this 
trend with 755 000 births, an increase of over 3000 
since the previous year. Within this, the striking 
feature has been the rise in the number of illegitimate 
births while the number of legitimate births has 
fallen. In 1986, 21% of births in the United 
Kingdom were illegitimate. 

Illegitimate births may be subdivided into those 
registered by one parent and those registered jointly 
by both parents. The numbers ın both groups have 
risen though the latter shows the greater increase. 
These trends have obvious implications for infant 
and childhood mortality and morbidity rates. They 
are shown in table 1. 


Mortality 


INFANT MORTALITY 

In 1986 there were almost 6000 infant deaths in 
England, 580 in Scotland, and 350 in Wales. Annual 
trends in infant mortality rates in Scotland and 
Wales need to be interpreted with care because 
random variation within the small number of deaths 
will produce swings in the mortality rate from year 
to year. This caveat is even more pertinent when 
infant mortality is broken down into its component 
neonatal and postneonatal mortality rates. Table 2 
shows the annual trend in neonatal, postneonatal, 
and infant mortality rates in England, Scotland, and 
Wales from 1982 to 1986. The feature of this table 
that must be of some concern is the rise in infant 
mortality for England in 1986, which exceeds not 
only the rate for 1985 but also for 1984. This is 
entirely due to a rise in the postneonatal mortality 


from 3-91 to 4-24/1000 live births; neonatal mortality 
has shown an uninterrupted fall, although the rate of 
improvement has been slowing down. 

The increase in the postneonatal mortality rate in 
1986 occurred across all maternal age, parity, social 
class, and legitimacy/illegitimacy groups. The excess 
compared with 1985 was largely among male infants. 
Analysis of the data by quarters of the year show 
that postneonatal mortality was particularly high in 
the January-March quarter of 1986 and a suggested 
explanation was the severe spell of prolonged cold 


Table 1 Live birth registraton (000s) 1980-6 ın 
England and Wales 


Source OPCS Series FM1 No 15. 


‘Year Legitunate illegitimate All live births 
itve births live births (%) 
(%} am 
Jointly Solely 
registered 
(%) (%) 
1980 578.9 (88.2) 442 (67) 33-2 (5-1) 6562 (100) 
1981 553-5 (872) 471 (74) 33-9 (53) 6345 (100) 
1982 536-1 (85-7) 53-4 (8-5) 36:5 (58) 6259 (100) 
1983 529-9 (84.2) 60-8 (9.7) 384 (61) 629-1 (100) 
1984 526-3 (82-6) 69-9 (110) 406 (6-4) 636-8 (100) 
1985 530.2 (80-8) 81.8 (125) 444 (68) 656.4 (100) 
1986 5197 (78-6) 93-5 (141) 478 (7-2) 661-0 (100) 


Table 2 Trends in infant mortality 1982-6 


1982 1983 1984 1985 1986 

Neonatal mortality rate 

England 6-2 5-8 5-5 53 532 

Scotland 71 5.8 6-4 5,5 52. 

Wales 6-9 6°7 57 5-8 5:6 
Postneonatal mortality rate 

England 46 42 3-9 3-9 43 

Scotland 4-3 41 3-9 3-9 3:6 

Wales 37 40 3-1 4-0 3-9 
Infant mortality rate 

England 10-8 10-0 9-4 9-2 9-5 

Scotland 11-4 9-9 10-3 9-4 8.8 

Wales 10 6 10-7 8-8 9-8 9-5 


Source. OPCS Population Trends 50, Winter 1987. 
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weather that was expe-isaced in tha: quarter. 
Data recently available ter 1987 indicate that the 
infant mortality rate has tellen again tc 9-2/1000. 

Catse specitic neonatal end postneonata. mortality 
rates for =ngland and Wales 1985 areshowr in table 3. 
For neonatal mortality all tre majcr caus: of death 
categories shaw a decrease compared wita previous 
years. For poszneonatal mortality no trend s obvious. 
This -s corsistent with the all czuses -ate being 
virtually the same in 19& as iz was in 1984. The 
cause sp2citic rates for 1995 ere not vet evailable. 

International companscnus of pcstneonatal 
mortality are given in tab.e 4 waich is ar extension 
and u»datirg of a similar -Ele given m tke previous 
statistical review. It is apparent that, for most 
countries shown in the tanie, there has been a 
levelling out of the postaeomatal mortality rate. 
Betweer countries the mies have stebilsed at 
differnt levels but within countries there tends to 
be a fluctuation in the ammual rate. The -ncrease in 
postnzonatal mortality in =ngiand must be viewed 
against this background. 


Table 2 Neonatal and postneonatal cause specific 
mortality rates in England and Wales 1985 


Diagnosis Rates/1000 live births 


Neonatal mortality 
Diseeses of the respiratory system 


(ICD 460-519) 
Congenital anomalies 

(ICD 740-759) 170 
Certain conditions onginating 

in the perinatal period 

(ICD 760-779) 3-21 
All causes 3°32 

Postneonatal mortality 

Infectious and parasitic diseases 

(ICD 000-134) 0-12 
Diseases of the respiratory system 

(ICD 460-519) 0-58 
Congenital anomalies 

(ICD 740-759) 0-67 
Sudden death cause unknown 

(ICD 798) 1 67 
All causes 3-86 


ICD International Classification of Diseases Source OPCS Series 
DH3 No 19. 


Table 4  Pcstneonatal morta Ly in various countries (rates'1000 live births) 


Caercry* 1380 1981 

Austra.ia a (-68 0-67 
b (1-29 0-20 

c 1-64 1-69 

d > 60 3-50 

Engard and Wales a (-83 0-90 
b 1-04 0-88 

c 1-45 1-57 

d 4-38 4-4] 

Frarce a 0-92 0-89 
b 0-22 0-18 

c 1-23 1-36 

d 4-25 422 

West ‘sermary a 1-16 1:12 
b 0-47 0-32 

c 1-15 1-34 

d 4-76 4-64 

Japan a C-95 0-91 
b C-35 0-32 

c C10 0-11 

d 255 2 42 

The Netherlands a 1-80 0 76 
b 119 021 

c 1 00 0-99 

. d 2:93 2-86 
Scola ad a 099 0-79 
b 0-48 0-48 

c 7-83 2-12 

d 4-32 441 

United States a 0-70 0-67 
b 0-39 0-34 

c 1-54 1-49 

d 4-12 391 


1982 1983 1984 1985 1986 
0-75 0-73 0-62 0-65 

0-18 0-23 0 19 0-23 

1-78 174 2-07 196 

3-64 3:57 3-76 3-74 

0-93 0-86 0-82 0-73 0-74 
0-88 0-71 0-55 0-58 0-47 
1-76 169 1-65 1:71 1-97 
4-56 4-29 3-92 3-98 4-27 
0-84 0-76 0-74 0-67 

0 16 0-15 0-13 0-12 

1-61 174 1-52 1-66 

4-20 4-13 3-63 3°72 

1-05 1 03 0-96 0-81 0-76 
0-25 0-28 0 24 0-21 0-17 
1-39 1-33 1-39 158 1-59 
4-59 4 39 4-15 3-99 3-76 
0-87 0-81 0-82 0 76 0-77 
0-27 0-24 0-23 0-20 0-20 
0-12 0-13 0-14 0-13 0-16 
2:34 2-33 228 2:09 2-14 
0-83 0-78 0-87 0 89 

0-19 0-11 0-16 0-27 

1-06 1-32 1-34 1-13 

3.16 3-10 3-25 3-05 

0-82 0-72 0-68 0-53 

0:38 0 30 0-40 0-18 0-15 
1-98 1-80 187 2-01 2-19 
4-24 4-10 3-98 3-90 3-62 
0-63 0 64 0-62 

031 0 33 0-30 

1 46 1-48 1-47 

3-82 3-91 3-79 





*Category (IZD 9): a, congeni=. irogralies, b. diseases of the respiratory system, c, signs symptoms and 11] defined conditions, and d, 


all cases. Source: WHO Annva Stalistics, varicus years. 
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International differences in postneonatal mortality 
due to congenital malformations are small. Greater 
variation is seen in the rates for respiratory diseases 
and signs, symptoms, and ill defined conditions. 
This latter category is virtually a synonym for cot 
death. There are problems in interpreting these 
trends because, in recent years, there has been a 
diagnostic transfer from respiratory to cot deaths— 
that 1s, the summation of the two causal groups 
shows little change over time. 

The analysis of mortality rates according to 
maternal age, parity, and social class from the 
routine data set linking infant death and birth 
registration documents for 1985 is shown in table 5. 
Comparison with 1984 shows an improvement in 
most of the rates relating to each variable recorded 
in the table. The vulnerability of women in the 
youngest age group—that is, less than 20 years—for 
perinatal, neonatal, and postneonatal mortality is 
evident. In the social class section of the table those 
classified as ‘Others’ include the unemployed, 
students, and members of the armed forces. 


BIRTHWEIGHT SPECIFIC MORTALITY AND LOW 

BIRTH WEIGHT 

Interest in birthweight specific mortality rates 
continues predominantly because of developments 
in neonatal intensive care. They are being used as 
outcome measures for determining the effectiveness 
of special and intensive care units. 

One side effect of the development of intensive 
care facilities has been the rise in the proportion of 
births that are extremely low (<1000 g) or very low 
(1001-1500 g) birth weight. Time trends are shown 
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in the figure. Almost certainly this is, at least in 
part, an artefact as these infants are now resuscitated 
and registered as live births whereas in the past they 
would have been classified as abortions, not regis- 
tered, and not enumerated. The extent to which 
this occurs will obviously vary between districts 
depending on the provision of facilities for intensive 
care and clinical policy of the unit. Because extremely 
and very low birthweight infants are at high risk of 
dying, any proportionate increase in their numbers 
will have an adverse effect on the overall mortality 
rate. Ideally standardisation for birth weight should 
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76 77 78 79 80 81 82 83 84 85 86 
Year 


Figure Proportions of live low weight births in England 
and Wales 1976-86. 


Table 5 Perinatal, neonatal, and postneonatal mortality by maternal age, parity, and social class for England and Wales 





in 1985 
Maternal age Panty Social class 
«20 20-24 25-29 30-34 35+ 0 1 2 3+ l Hi Ill HI IV V Others 
(non- (manual) 
Legitimate births 
Pennatal 
mortauty* 125 91 82 97 116 102 77 88 126 77 75 88 92 111 124 117 
Neonatal 
mortalityf 83 52 45 48 62 54 45 48 63 47 42 46 4.9 61 63 71 
Postneonatal 
mortalityt 68 42 28 28 2-9 23 37 44 5-2 24 28 26 32 0 52 62 
Illegi mat 
ee e births 
mortahty* 119 113 11-9 131 180 
Neonatal 
mortahtyt 64 62 66 64 75 Not applicable Not applicable 
Postneonatal 


morahty 71 65 47 40 39 


*Rate/1000 total (live and still) births; frate/1000 live births. 
Source OPCS Seres DH3 No 18 
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be vacriec Dut when moralt compa-isons are 
consicerec, for example, ccmparisons between 
districts or over time. 

Tae 1985 and 1986 birtaxeight specific mortality 
rates Dr Enzland and Wiles are shown n table 6. 
Thereis no striking feature to report om from this 
table, therz have been marginal decreases or 
increzes m he birthweight :pecific mortzlity rates. 

Birtawexght specific pe-matel mortalit- rates for 
Dermark, England and Wales. and Scatland are 
given n :abi2 7. Difficulties 5ccur in comotling such 
tables because, while rates mzy be prov ded, they 
are nct for the same birtrweight groups and the 
nume-ators and denomirztors are not »ublished. 
Other important caveats relate to the very low 
birhvzigłt and the weigh not stated groups. The 
former is affected by wkether or not = very low 
birhveight baby born ad is registered as a 
stillbi-h or is not registered and therefore not 
counted because it is classi:ed as an abcrtion. The 
infant: for whom birth weight is not stated are 
biased towerds very low birth weight and the 
propc-tion so classified wall affect zhe comparison. 


Morb ity 


INFECTIOUS DISEASES 
The Natcmal Congenital Eubella Surveillance 
Progr«mme holds data on children classift2d as cases 
of comfirmed or suspectec roagenital rubella. Since 
198) a ranez of ascertainmert sources have provided 
the data ard the number cf cases of congenital 
rubela syndrome and ccrgenital rubel]i infection 
are showr in table 8. De^ects have not s» far been 
recor-ed any child after rutella has been proved 
serolozically after the 17tt week cf pregnancy.’ In 
contrast, whea infection occurred b2fcre the seventh 
week nf pregnancy, no child escaped damage. 

In 1285. ir. Great Britair,imnunisadüono»f children 


within two years of birth for diphtheria, poliomyelitis, 
and tetenus remained unchanged from 1985 at 85%. 
For whooping cough and measles there were slight 
increases to 66% and 71% respectively. 


HOSPITAL STATISTICS 

The recognition of the psychological trauma as- 
sociated with admission of children to hospital has 
led to decreasing lengths of stay and a trend for 
treatment as day cases. Associated with this trend is 
the attendance of ward attenders who are defined as 
patients attending a ward who do not require the use 


Table 7 International comparisons of birthweight specific 
pennatal mortality 1985 








Birth weizkt (g) Denmark England Scotland 
and Wales 

<1000 507 2 577 3 609-1 
1000-1499 2711 229-5 262 6 
1500-1999 79 1 93-7 99.3 
2000-2499 272 28-3 28-1 
2500-2999 6-6 7-2 7-1 
3000-3499 22 2-9 24 
3500-3999 26 18 1-9 

2:4000 1-9 3-1 2-9 





Source. Medicinsk fodselsstatistik 1985; OPCS Series DH3 No 18, 
1985, Sccttish Stillbirth and Neonatal Death Report, 1987 


Table 8 Cases of congenital rubella syndromelinfection by 
year of birth 


Year of birth 
1980 1981 1982 1983 1984 1985 1986 1987 


Defects 28 12 29 38 25 15 9 2 
No defects 6 4 9 25 23 5 7 2 


Total 4 16 3 6 48 2 16 4 


Source: Communicable Disease Report, Weekly Edition. 88/15 


Table 5 Birthweight specif c nonality for ungland and Wales 1955 and 1986 


Pith weigFt (9) 

IM 41500— 2000— 
1999 2499 
Stillbira* 1985 534-5 63 8 18-7 
1986 155.3 53 3 18-8 
Peraul"* 1985 5-1 93:7 28-3 
1986 245-5 &5 0 21-3 
Neonaalt 1985 26)-4 378 12-3 
1986 262-3 40-1 10-7 
Postne-nata T 1985 395 171 9-1 
1986 AM 20 9 9-0 
Infant 1985 zz 54.8 21:4 
1986 ze ái 1 19-7 


2500— 3000— 3500— 4000 Not 

2999 3499 3999 stated 
4-8 1-9 1-0 2-0 64-7 
4-4 1:8 1-2 1-7 42-9 
72 2-9 1-8 34 195-0 
6-6 3-0 2-0 27 187-1 
3:4 1-6 1-2 1-5 156-7 
30 1-6 1-2 1:3 163-5 
46 3-0 2:4 2:3 10-4 
4.9 32 2:7 2-4 17-6 
81 4-5 3-6 3-8 167-1 
8-0 4-8 3-9 3-7 181-1 





*Rate/ 18 -ctal births; frate/8 live births. Sonrce OPCS Monitor DH3 87/1, 88/1 


Table 9 Percentage of general practitioner consultations 
for selected ICD chapter by age 


Age (years) 
0-4 5-14 
Infectious and parasitic disease 
(ICD 001-139) 114 12 4 
Diseases of the nervous system and 
sense organs (ICD 320—389) 18 8 14:1 
Diseases of the respiratory system 
(ICD 460-519) 30:1 32-0 


ICD: Internatronal Classification of Diseases 
Source OPCS Senes MBS No 1 


Of a hospital bed. À survey carned out by the 
National Association for the Welfare of Children in 
Hospital found that in the two weeks of the study, 
ward attenders formed 24% of all patients in the 33 
wards for which data were available. Of the ward 
attenders 34% were for post discharge reviews and 
23% for planned procedures.” 


GENERAL PRACTICE 

The third national study presented morbidity statis- 
tics from general practice 1981-2. It showed that 
98% of children under 5 and 66% aged 5-14 
consulted their general practitioner in the study 
year. The major reasons for consulting a general 
practioner are shown in table 9. 


Social habits 


Trends in the smoking and drinking habits of 
children have obvious important implications for 
their subsequent health. 
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SMOKING 

A. survey carried out by the Social Survey Division 
of the Office of Population Censuses and Surveys 
(OPCS) found that between 1984 and 1986 there 
was a pronounced fall in the proportion of boys who 
smoked cigarettes regularly (that is at least one 
cigarette a week) in England and Wales from 1396 
to 7% and in Scotland from 16% to 1096.? Among 
girls in Wales and Scotland there was a clear though 
less pronounced fall in the prevalence of smoking 
but in England there was no significant change. 
Smoking among secondary school children in Scot-- 
land, England and Wales is more prevalent among 
girls (12%) than in boys (7%). 


ALCOHOL 

The OPCS adolescent drinking survey found that 
among 13 year olds, 29% of boys and 11% of girls 
drank at least weekly, while at 15, 5296 of boys and 
37% of girls were drinking weekly.” The youngest 
adolescents drink mostly at home or at the homes of 
relatives or friends. As they grow older they 
continue to drink at home but also begin to drink in 
clubs and discos. 
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Ccrrespondeace 


Immediate effects o? alumin imfusion 


in il premature necnatz2s 

Sir, 

The peper on albumin infust>3 in neonates by Greenough 
et a! grves 15 several reason: Zor concern ! One issue, the 
lack o: non-treated comparis)1 infants, has been dealt with 
in the commentary? The weigh: loss in most preterm 
infants 15, n our experience, incependent of zheir degree 
of oezeme and plasma albrnin concentratbn, even in 
those :ic« with respiratory cistress syndrome We cannot 
agree. the-efo-ce, that it hze been sbown taat albumin 
infusicn ceused the observec diuresis. 

The autFars have apparen-ly measured urin- passed in a 
numb:r of discrete micturions during a predetermined 
time raterval, and have called this urine output Bladder 
empty-ng i- highly wregular, however, and varably incom- 
plete n ail sick preterm anfancs. We hate observed 
mictu-tiom oaíterns in very ow birthweight infants and 
have wuac -he intermictunwen irterval to very from less 
then cne hcur to more ther 12 hours, and the volume 
passec. from a few drops to 20 l/kg. Mea.urement of 
urine -assed in an interval cf six hours is thezefore an in- 
accure-e estimate of renal wa er excretion rate, especially 
wben ihis s at a maximum cf abbat 10 ml/kz/6 hours as 
stated, and most certainly when onlv 0-7 cr 1-3 ml is 
passec- In addition, paramet-i: statistics have seen used to 
compete these estimates of water excretion -ates, which 
are heshly cnlikely to be mowmally distributed 

We are g ven urine outpr uncorrected fcr body size 
(water excretion rates in ml/zs/dar would hav» been more 
helpfc). Nevertheless prealturun urine flow sates are low 
in all the tants studied (mean perhaps aboat 30 mVkg/ 
day). his s probably because water input in “hese infants 
was low; akFough this was nct specicied, it is waplied that it 
rermu-ed erouad 40 ml/kg/cey in the first few days. We 
give much lerger volumes arc only in exceptional cases 1s 
there an imebility to excrete adrrinmstered water, as has 
been Dunc zlsewhere in well baties.? We députe there- 
fore “ae ccntention that le prolonged cedema and 
Ohgura are necessarily dus tc faure of -enal water 
homoeostacit mechanisms. 

The study was designed to show whether albumin is 
effectr-e in “reating’ hypoall uminaemia. We find it hardly 
surpriang that the rapid infuston cf 20% albumin (200 g/l) 
mt a vescular space where the a-bumin is nean 27 g/l 
raises Ihe albumin concentracion. The additior of 1 g/kg of 
albumin into what is probally & vascular space of about 
50 mixg, 1owever, raises t1» albumm concentration by 
on = gL This implies “hat an aoprecicble volume 
expansion has occurred, perhaps by as muca as 50% if 
there -eallv ts po extravascula- lea« of the albumin. Such a 
volume expansion is likely to Fave caused an acute increase 
in zlozaeru.ar filtration rate, which would have flooded the 


immature renal tubules with an increased filtered load, 
when reabsorptive capacity 1s already compromised. This 
will have resulted not only in the observed diuresis, but 
also in an acute loss of other solutes, especially sodium, 
where reaal sodium conservation 1s already poor. 

In summary, the authors do not give any evidence that a 
rapid albumin infusion does cause a diuresis. let alone that 
the resulting acute disturbance in vascular and renal 
physiology 1s beneficial. We believe that such a disturbance 
is more likely to be harmful and that, in the absence of 
convincing scientific support, this practice should not be 
promoted 
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Dr Greenough comments. 


We thank Dr Wilkins et al for their interest in our short 
report on albumin infusion in the neonate.’ We have, 
however, already provided data within the report to 
answer their concerns. In summary: Dr Wilkins et al claim 
that, in their experience, weight loss and diuresis are 
independent of the degree of oedema and plasma albumin 
concentration, but unfortunately they do not present their 
data. In our study to document the effect of albumin 
infusion we measured both urine output and change in 
weight. Comparison of the control and treatment periods, 
during which no other changes were made, showed in eight 
of 10 infants urine output increased and all 10 infants lost 
weight af-er the infusion As this response was seen in 
infants in varying stages of their respiratory illness the 
increase in urine output 15 likely to be associated with the 
albumin infusion. 

We agree that the measurement of urine output in the 
preterm neonate is difficult We therefore used the same 
method cf urine collection during both periods, and in 
addition measured weight change. In the absence of 
change in fluid input and phototherapy status, changes in 
weight reflect changes in urine output. Using non- 
parametric statistics confirmed that both the increase in 
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urine output (p<0-05) and decrease in weight (p<0-01) 
after the infusion were significant. 

Albumin was not given rapidly, but as part of the daily 
fluid requirements and at the same rate. This method of 
infusion seems unlikely to cause an appreciable volume 
expansion with an acute increase in glomerular filtration 
rate and loss of solutes This hypothesis 1s supported by the 
lack of change in urea and electrolytes after the albumin 
infusion (results section). Albumin concentrations were 
only measured daily (methods section), the post infusion 
concentration thus reflects the amount remaining in the 
vascular space at that time, in infants in whom protein 
leaks are well recognised.” 

The aim of our preliminary study was to investigate, 
using infants as their own controls, if albumin infusion was 
effective in treating hypoalbuminaemia in normotensive 
sick infants.’ We were able to show that albumin infusions 
were effective and associated with a significant increase 1n 
urine output. Using these data we have now designed a 
randomised controlled trial to investigate the duration of 
effect of albumin infusions and if this treatment alters 
clinical status. 
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Cystinosis and vitamin D 
Sir, j 
Katzir et al reported a case of nephrogenic diabetes 
insipidus, cystinosis, and an abnormality of vitamin D 
metabolism.’ The idea that nephrogenic diabetes insipidus 
might herald cystinosis 1s interesting Their analysis of the 
serum vitamin D metabohte concentrations on the patient, 
however, should not be regarded as a feature of the 
described association but rather part of the natural course 
of cystinosis In 1983 Steinherz et al reported on the 
circulating vitamin D metabolites in  nephropathic 
cystinosis ? In this study, 10 cystinotic patients with various 
degrees of functional renal impairment were screened for 
their vitamin D metabolites. The mean (SD) concentra- 
tions of 24,25 dihydroxyvitamin D, (24,25(OHD,) were 
reduced in those patients treated with low dose of 
ergocalciferol («25 pg) but within the normal range in the 
patients who received above 625 pg vitamin D;: 0-75 (0-5) 
and 6-5 (2-8) nmol/l respectively, while normal concentra- 
tions were 4-3 (1-3). These reduced 24,25(OH);D, concen- 
trations have previously been found in children with 
uraemia. (Among these patients there were three cases 
of cystinosis.?) 

Serum 1,25 dihydroxy vitamin D; (1,25(OH)4D4) con- 
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centration depended upon the therapeutic agent used in 
patients. On either low or high vitamin D supplementa- 
tion, 1,25(OH),D, was below the normal concentrations 
(25(20) and 5(20) compared with 108(30)pmoVI). Treat- 
ment with calcitriol and dihydrotachysterol significantly 
increased 1,25(0H),D3; above normal concentrations 
190(40) and 900(513) compared with 108(30)pmol/l. 
The conclusion of our report“ on cystinotic patients was 
in accord with that of Chesney et aP that circulating values 
of 24,25(OHD, were reduced in relation to the renal 
parenchymal damage. The low 1,25(OH);D, concentra- 
tions could reflect (as also stated by Katzir ef al) a renal 
phosphate leak with impairment of synthesis of 
1,25(0H}D, besides its correlation with renal insuf- 
ficiency associated with intrarenal cystine accumulation 
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Atopic eczema and preterm birth 
Sir, 
We noted with great interest the report stating that 
preterm infants are at decreased risk of suffering from 
atopic eczema,! and attempted to confirm thus finding 
using data from a well known data source, the Collabora- 
tive Perinatal Project. This project was a prospective study 
of pregnancy and child development that from 1959 to 1966 
enrolled approximately 55 000 pregnancies at 12 centres in 
the United States. The recruitment and follow up proce- 
dures have been described ? ? When the subjects were 1 
year old, study physicians completed a diagnostic summary 
form that included a code for eczema. Infant gestational 
age was determined from the date of the mother's last 
menstrual period. Children whose birth weight was grossly 
incompatible with their gestational age were eliminated 
There were 44 793 children who survived the first year 
and for whom the presence or absence of eczema was 
known. Four thousand and eighty nine (9.196) of these 
children were born after less than 37 completed weeks' 
gestation. Eczema was slightly less common among pre- 
term infants: 1:5% of preterms had eczema compared with 
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1-876 of term infants. The odds ratio for a preterm infant 
to havz eczema was 0-86, anc :he £596 confidence interval 
was ((-66 to 1-21). This indicétes that preterm infants are 
at sligFtly decreased risk of eczema, »ut that ths difference 
was minimal and not signricant. The 95% confidence 
intervel :n this analysis excludes 0-56, wich 1s the 
estimated odds ratio repored Ly David aad Ewing.' 
Adjus ment cor maternal race: and education a proxy for 
social class) did not change tne odds ratio scbstantially. 
In summary, this analysis cf dazz from the Collaborative 
Perinatal Prcject failed to comitrm -he hypothesis posed by 
David and Ewing of a decreased ask of atcpic eczema 
among preterm infants follcwed to 1 year cf age 
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Silastic catheters for antibiotics in 
cyst:c fibrosis 

Sir, 

We read with :nterest the paber by Dr Willizms and her 
colleazues, comparing percucéneo is silastic cetheters with 


conveational intravenous car rulas for giving entibiotics to 
patients witk cvstic fibrosis." We zgree and hzve reported 


that these catheters are favoured by the patients, last 
longer, and have fewer complications.” 

Since 1985 we have been using a modified version of the 
catheter described by Dr Williams, which does not require 
threading onto a 25 gauge butterfly needle (Vygon 
epicutenesus catheter designed for neonatal use). The 
manufz-turers changed the design of the catheter in 1985 
after a3 incident when a line was accidentally cut by the 
buttert.y needle and apparently disappeared into the child 
(withoat ill effect) The new catheter is also marked every 
5 cm ard is radio-opaque so that it is easy to ensure that the 
whole zataeter has been removed at the end of treatment. 

Loca anaesthetic cream 1s applied to the site at least one 
hour before the procedure The catheter is primed with 
heparimised saline and is flushed one hour after insertion 
with 2 ml heparimised saline (100 U/m!) We have not 
found 1 necessary to administer a continuous infusion of 
hepariuised saline, but merely flush the catheter every four 
hours. Tte catheter 1s covered with a transparent plastic 
film ard a bandage, allowing the patient freedom to play or 
even go swimming. 

The ccst of each catheter (£11.84) is negligible in 
compa-ison with the total cost of a two week course of 
antibicucs Many patients have been able to complete their 
treatm=nt at home, without the inconvenience of returning 
to the aospital for a conventional cannula to be resited 
The technique of inserting the catheter has been taught to 
the howse physicians caring for adult cystic fibrosis patients 
as wel as those caring for paediatric patients at this 
hospital. 
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prenatal diagnosis: annotation, 701 fn 
sex ratio and heterozygote advantage: correspondence, 
574 
screening, four year regional experience, 1438 
silastic catheters for antibiotics: short report, 658: 
correspondence, 1520 
two minute walking distance, 1444 
Cystic hygroma, thoracic neuroblastoma presenting as. 
short report, 1270 
Cystinosis vitamin D, and nephrogenic diabetes insipidus: 
short report, 548: correspondence, 1519 
Cytogenezc investigations of solid tumours of children, 
1012 
Cytomegélovirus screened blood for neonatal intensive 
care units: short report, 753 fn 


Day case surgery, psychological effects compared with 
inpatient surgery, 415 

Death of a child, family recovery, 942 

Depressicn, maternal, and 1mpact on children's develop- 
ment current topic, 90 

Desferrioxamine-induced acute ocular toxicity and trace 
elemen: depletion in thalassaemia, 250 

Development, children’s, impact of maternal depression: 
current topic, 90 

Developmental outcome, and mothers choice to provide 
breast milk, 1382 

Dexamethasone in bronchopulmonary dysplasia: corre- 
spondence, 221 

Diabetes insipidus 
cranial, early infancy. short report, 434 
nephrogenic, cystinosis, and vitamin D. short report, 

548 


Diabetes mellitus 
complications in prepubertal adolescent short report, 
1397 
control, fructosamine or glycated haemoglobin as 
measure, 418 
improved, in district general hospital clinic, 180 
and osychological adjustment: correspondence, 220 
dietary vanation, 794 
insulin dependent, in thalassaemia, 58 
diabetic mother, fetus, growth and malformations: 
annotation, 1119 fn 
Dialysis and renal transplantation, end stage renal failure, 
14 years’ experience, 120 
Diaphragmatic hernia repair, evaluation of infants by echo 
plana- imaging after, 186 
Diarrhoea 
due to breast milk, case of fucose intolerance: short 
report, 311: correspondence, 1296 


WC 


A. 


and severe failure to thrive, caused by laxative abuse: 
short report, 978 
Dihydropteridine reductase deficiency, two mutations, 154 
Dimercaptosuccinic acid-"?"Tc 
in established renal scarring, 1315 
and urinary tract infection, 1320 
Diphtheria, the continuing hazard: short report, 194 
Disposable nappies, cautionary tale: correspondence, 997 
Distnct general hospitals, medical staffing, paediatric 
departments personal views, 96 
Doppler sonography, transcranial, in brain death diag- 
nosis, 1474 
Down’s syndrome 
atlantoaxial instability, and odontoid abnormalities, 
1484 
prenatal screening: annotation, 705 fn 
Dried blood spots, domiciliary theophylline monitoring 
using, acceptance, 1449 
Drugs per rectum for systemic effect- correspondence, 221 
Dry lung syndrome after oligohydramnios, 190: corre- 
spondence, 683 
Duchenne muscular dystrophy, new chart for weight 
control: sbort report, 1256 


Echo planar imaging, evaluation of infants after dia- 
phragmatic hernia repair, 186 
EDITORIAL: Perinatal nemesis, 699 fn 
Ehlers Danlos syndrome type IV, clinical presentations 
1016 
Electroencephalography in non-traumatic coma, 895 
Electromagnetic stimulation of motor cortex, corticospinal 
tracts maturation assessed by, 1347 
Embolisation, prenatal, presumed, and spastic hemi- 
paresis. short report, 68 
Encephalitis 7 
herpes simplex, non-invasive method for early diagnosis, 
1470 
persistent, in congenital hypogammaglobulinaemia, 
failure of intraventricular gammaglobulin and a 
interferon, 948 
rotavirus. correspondence, 224 
End stage renal failure 
long term outcome of treatment, 35 
14 years' expenence of dialysis and renal transplanta- 
tion, 120 
End tidal CO,, monitoring. correspondence, 107 
Endocarditis, 1nfective, neonates, 53 
Endocrine function, and growth, after renal transplanta- 
tion, 1326 
Enterocolitis, acute, and Clostridium difficile short report, 
543 
Enuresis 1n children: correspondence, 105, 225 
Environmental factors, bronchial hyperreactivity and 
asthma, 473 
Epilepsy 
childhood, and computed tomography: correspondence, 
1114 
myoclonic, juvenile, clinical and electroencephalo- 
graphic features, 1049 
partial, prognosis, 1192 
see also Serzure disorders 
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Epstein-Barr virus infection and liver failure: short report, 
432 

Error, sources in neonatal blood sampling: short report, 
752 fn 

Essential hypertension, and red cell membrane sodium 
transport, 689, abst 

Examinations, selective, on starting school: correspon- 
dence, 225 

Exchange transfusion, SAGM blood. correspondence, 223 


Factor X deficiency, congenital, subdural haemorrhage, 
antenatally diagnosed: short report, 1168 fn 

Failure to thrive, severe, and diarrhoea, caused by laxative 
abuse: short report, 978 

Familial haemophagocytic lymphohistiocytosis, natural 
cytotoxicity impairment, 292 

Family Fund, and very young children: correspondence, 
1113 

Fatty liver and medium chain triglyceride (MCT) diet: 
short report, 840 

Febnle convulsions, phenobarbitone, and valproate, 
randomised controlled trials, 1189 

Feeding, infant, and allergy, 388 


Fetus 
acid base status, changes during intravascular trans- 
fusion, 710 fn 


of diabetic mother, 
annotation, 1119 fn 
heart defects in mud trimester, echocardiographic 
diagnosis, 1137 fn 
malformation, antenatal diagnosis, population study, 
692, abst 
Fibronectin plasma concentrations in breast fed and 
formula fed neonates, 528 
Flow velocities 
basal cerebral arteries, age dependence 606 
variability, cerebral blood, in infants receiving assisted 
ventilation: correspondence, 678 
Flucloxacillin and sweat tests: short report, 847 
Food additives, types and effects: annotation, 582 
Forced expiratory flow volume loops in neonates, validity: 
correspondence, 460 
Foreign bodies from nose, new manoeuvre for removing: 
correspondence, 226 
Formula fed neonates, plasma fibronectin concentrations, 
528 
Fractures, non-accidental or brittle bones: annotation, 350 
Free amino acid content of vitreous humour in cot deaths; 
short report, 660 
Free running asthma screening test, 261 
Fructosamine or glycated haemoglobin as measure of 
diabetic control, 418 
Fucose intolerance, diarrhoea due to breast milk. short 
report, 311: correspondence, 1296 
Functional residual capacity related to hepatic disease: 
short report, 850 


growth and malformations: 


Gait disorder, diagnosis of functional illness presenting 
with, 148 

Galactosaemia, transient neonatal; short report, 1388 

Gall bladder distention in newborns: short report, 554 
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Garmimaglobulin, intravenous, zrd a interferca, faure in 
per stent encephalitis r congenital Lypogamma- 
gobulisaemia, 948 
Gastrm, and somatostatin, rlzsma concentr:tions, after 
breast feeding, 4 day olc infants, 1218 
Gastrzis, Campylobacter pyJoa: short repor, 654 
diagnosis serologically, 69€, abst 
Gastrcintestinal origin, che-t aia. 1457 
Gastroesophageal reflux 
ocscphagus motor disords-s, 1333 
ard vomiting: short repo-t, 837 
Gaucter’s disease in collod cr babies short report, 854 
Genztx disease and mitochcrcria. DNA: anrotation, 883 
Geniemicm resistant Gram azgative organi ms, factors 
ml-encang colonisation, c neonatzl unit, 533 
Gesra3on less than 28 weeks. outcome. 69", abst 
Glaucoma as early complica-i»3 of Hu-ler's dsease: short 
report, 1691 
Glomzrulonzphntis 
crescentic, antineutrophil cytoplasm antibedy in, 814 
pos-strepiococcal, Hong Eeng: corresporience, 341 
Glucazon for hypoglycaemia n fants smal for gesta- 
toral age: short report, [254 
Glucce intolerance, HLA ty27, and islet cel. antibodies, 
in cystic fibrosis, 1234 
Glue car and cleft palate, 175 
Glycated haemoglobin 
Or Suctosamine as measuwe of diabetic cantrol, 418 
in crstic fibrosis. correspoadsnce, 223: correspondence, 
1-00 
Gona-al dysfunction after 
Tu Durs, 495 
Gora-otrophin deficiency, aspected, growh hormone 
deficiency, and ring 18 ch-cmosome short -eport, 1090 
Great Ormond Street 50 yeers ago. looking back, 1272 
Growh 
charts, special, for partwcmlar conditions: annotation, 
1-79 
in -hldheod, and adult rcrtadlity. 688, ast 
anc endocrine function after renel transplartation, 1326 
hormone and body segmmea s: shor: repom, 839 
Gzficiercy, aetiology: ccr-espondznce, 219 
releasing hormone, or gecwth hormone reatment in 
growth hormone insutfc.ency, 629 
s.spected gonadotrophin deficiency, end ring 18 
chromosome’ short report, 1090 
tzerapeutk effect, contndaticr of dose ar. d frequency 
of acministration to. 401 
ize: correspondence, [294 
amc puberty delay, low dese cxandrolene, double blind 
pacebc controlled tna, 501 
amc puberty, managememt cf ccnsütutonal delay: 
personel practice, 110% 


reatment of intracranial 


Haematuna, persistent or -ecucrent, hypécalciuna as 
calie: short report, 312 

Haemolytic uraemic syndrome, and throm»otic throm- 
bocytopenic purpura, in three zi»lings. 644 

Haercophagocytic lympholistccy-osis, famlial, natural 
cytotoxicity impairment, 257 

Haeraophilns species, neonzta in"ections. shcrt report, 83 


Haemcphilus influenzae type b disease, systemic, in 
chicren in Oxford region, implications of current 
ccnjugate vaccine trials, 696, abst 
Haemorrhage, intraventricular, in severe respiratory dis- 
tress syndrome, and surfactant treatment 10 
Haemorrhagic colitis, severe, associated with anal dilata- 
tion and anal dilatation reflex. correspondence, 679 
Hair, bose, on toys: correspondence, 574 
Head 
flattening, reduction, 1n preterm infants: short report, 
785 fn 
injury, care, 695, abst 
children, management in distnct general hospitals: 
correspondence, 570 
Heaf test results after neonatal BCG. short report, 1490 
Hearirg loss 
due to mumps: correspondence, 105 
feas-bihty of screening all neonates: short report, 652 
Heart 
defects, fetal, in mid trimester, echocardiographic diag- 
ncsis, 1137 fn 
failure, captopril, secondary to left to nght shunt, 360 
and azart-lung transplantation in children, experimental 
or therapeutic, 694, abst 
Heat s3ields use, and phototherapy in very low birthweight 
short report, 552: correspondence, 1295 
Hegh velocity, and fasting insulin concentrations, relation 
betv zen. short report, 665 
Henoch-Schonlein purpura secondary to trauma’ corres- 
pondence, 1114 
Hepat c 
disease, functional residual capacity related: short report, 
8£0 
lipase in premature tnfants, 140 
Herpes simplex encephalitis, non-invasive method for 
earl» ciagnosis, 1470 
Highly telented child: annotation, 118: correspondence, 
680 


Histio zytosis, pulmonary, isolated, 3 cases, 423 
HIV 


infe-tion, BCG dissemination. short report, 1268 
ir pregnancy, consequences, 695, abst 
Z-mbabwe: short report, 842 

posrive children: correspondence, 218 

HLA -pe, islet cell antibodies, and glucose intolerance, in 
cyst.c fibrosis, 1234 

Home- accidents, injuries to children, measuring severity, 
635 

Hospial teachers, role in child's recovery’ personal 
pradice, 333 

Hurlers disease, glaucoma as early complication: short 
repcrt, 1091 

Hydrcps fetahs due to abnormal lymphatics’ correspon- 
dence, 572 

Hyperactive children, adolescent outcome. annotation, 
118- 

Hyperaimentation, maternal, effect on intrauterine growth 
retacdation, 733 fn 

Hypercalciuna as cause of persistent or recurrent haema- 
tura short report, 312 

Hyperinsulimsm, somatostatin analogue in short term 
maragement: short report, 1493 


Hyperkalaemia, cardiac arrhythmias, and cerebral lesions 
in high risk neonates: correspondence, 681 
Hyperoxia, transient, and cerebral blood flow velocity, 
premature and full term infants, 1126 fn 
Hypertension 
acute severe, sublingual nifedipine- short report, 975 
intracranial, transient, m infancy. short report, 966 
Hypertensive response to raised intracramal pressure in 
infancy, 1461 
Hyperthyroidism, transient neonatal, and maternal thyroid 
stimulating immunoglobulins short report, 205 
Hypertrichosis, prepubertal, normal or abnormal: short 
report, 666 
Hypertrophic pyloric stenosis, infantile, recent results of 
treatment. 1060 
Hyperventilation ın awake state, potentially treatable 
component of Rett Syndrome, 1039 
Hypogammagiobulinaemia, congenital, failure of intraven- 
tricular gammaglobulin and a interferon-for persistent 
encephalitis in, 948 
Hypoglycaemia 
glucagon for infants small for gestational age: short 
report, 1264 
neonatal, controversy regarding definition short report, 
1386 
neural dysfunction during, 1353 
Hypothermia and sudden infant death syndrome short 
report, 438 
Hypothyroidism 
congenital, in breast fed infants of iodine-overloaded 
mothers, 1207: correspondence, 106, 1297 
increased incidence, Asian families, 790 
serum thyroxine and thyroid stumulating hormone 
concentrations after treatment, 1368 
lung liquid reabsorption and infusion of T5, 694, abst 
neonatal, topical 1odine and breast-feeding: correspon- 
dence, 106, 1297 
Hypovolaemic shock, neonatal, and tight nuchal cord. 
correspondence, 570 
Hypoxaemia 
prevalence in children coming to adenotonsillectomy, 
698, abst 
severe, in pertussis, 598 
Hysterical conversion reactions, diagnosis and treatment, 
506 


Ileostomy, T tube, management of uncomplicated meco- 
nium eus: short report, 309 

Imaging, echo planar, evaluation of infants after diaphrag- 
matic hernia repair, 186 

Imipramine, acrocyanosis due to: short report, 204 

Immune complexes, and Pseudomonas aeruginosa anti- 
bodies in cystic fibrosis, 1222 

Immunisation 
for all. personal practice, 1507 
for immunosuppressed child. annotation, 113, corres- 

pondence, 679 

in low birthweight infants, 518 
policy, and inner city tuberculosis. short report, 964 
rubella, for girls over 14 years short report, 983 
special advisory service. short report, 1498 
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Immunodeficiency disorders, primary, prenatal diagnosis 
and carrier detection regular review, 758 fn 
Immunoglobulins 
unmunoglobuln A deficiency, clinical significance: 
annotation, 579 
immunoglobulin E, cord blood, and month of birth: 
correspondence, 573 
immunoglobulin G subclass deficiency in asthma, 1434 
subclass deficiency, climcal significance annotation, 
771 
and M antibodies detection in herpes simplex ence- 
phalitis, 1470 
immunoglobulin M, low molecular weight, in juvenile 
chronic arthritis, 1453 
human, and neonatal infection: correspondence, 998 
uitravenous, for prophylaxis of neonatal sepsis, prema- 
ture infants: short report, 441 
in very low birthweight premature infants: correspon- 
dence, 1115 
Immunosuppressed child, immunisation for’ annotation, 
113: correspondence, 679 
Immunosuppressed child, immunisation: correspondence, 
679 
Indian childhood cirrhosis, copper in urine and hair. short 
report, 970 
Infection, neonatal, and human immunoglobulin: corres- 
pondence, 998 
Infective endocarditis, neonates, 53: correspondence, 1112 
Ingrowing toenails, pledgets: short report, 71 
Injuries to children, from home accidents, measuring 
seventy, 635 
Insulin 
concentrations, fasting, and height velocity, relation 
between: short report, 665 
dependent diabetes in thalassaemia, 58 
tubular dysfunction and microalbuminuria, 244 
infusion pumps, decade of current topic, 329 
Intensive care 
neonatal, costs and benefits, 715 fn 
decisions and dilemmas of life support. current topic, 
560: commentary, 565: correspondence, 1297 
paediatric, 1n district general hospital, 31 
units, neonatal, cytomegalovirus screened blood for: 
short report, 753 fn 
regional neonatal, referrals to, 403 
a-Interferon and intravenous gammaglobulin, failure in 
persistent encephalitis in congenital hypogammaglobulin- 
aemia, 948 
Intestinal disease 1n cystic fibrosis: short report, 1496 
Intracranial 
hypertension, transient, in infancy: short report, 966 
measurements, invasive, 1n non-traumatic coma, 888 
pressure, raised, hypertensive response, in infancy, 1461 
tumours, gonadal dysfunction after treatment of, 495 
Intraspinal tumours: annotation, 1007 
Intrauterine growth retardation, maternal hyperalimenta- 
tion effect, 733 fn 
Intravascular transfusion, fetal acid base status, changes 
during, 710 fn 
Iodine 
overloaded mothers, congenital hypothyroidism in breast 
fed infants, 1207: correspondence, 1297 
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topical, breastfeeding, and aecnata hypo hyroidrsm 
co-respoadence, 106 
Irrttation ard paediatric paticrt.: personal vie, 567 
Isle- cell antitocies, HLA typ» ird glucose intelerance. in 
cvstic formis 1234 


James spense Medallist, 198&, Frofessor Otto "Volff, 1003 
Japan, zinc and copper deficercy, .ncrleace correspon- 
dence, 1448 
Jejunal 
epitEelial transport in cystic fibrosis, 696, abet 
mucosal structure, and ormar; mannitol lactulose 
ex-redor ratios, 1054 
Joint mobilty and motor dev2.cpment, 158 
JuveniE 
chroarc arthr-tis and low xielecular weigh: unmuno- 
glcbulin M, 1453 
pn2umococcal arthritis namcking. short r-port, 1089 
myoclomce epilepsy, clinical zrd electrcencephalo- 
graphic: features, 1049 


Kangaroo care of very low bribwe.ght infants. 1377 

Kawaszki’s disease, incomplete, sudder death. short 
report, 1254 

Kwashrorko-, effect on cardicvascular system, 1359 


Laxative abuse, causing seers alure to “hrive and 
drarrioea short report, 97& 
Lead, blood concentrations 
exposure: short report, 973 
Leucomalac-a, periventricular, cankal rsk factors, 17 
Leukaemia 
acute lymphoblastic, mycott intracranial abscesses 
du-ing miuction treatme : short report, «36 
precocious and premature puberty assodated with 
teatrient: corresponderce, 374 
in a-axia telangiectasia, leckcencephalopmthy after 
prephylactic radiation for’ short report, 1079 
bone mar-cw transplantaticr: anaotation, 879 
Q fever, tissue transplant, arc severe combined immuno- 
denicem: syndrome. shar -eport, 207 
Leukoencepaalapathy after rophylacc radiation for 
leuksemia m ataxia telangiectasie: short repcrt, 1079 
Life suopor in intensive car decisions and dilemmas: 
curreat topic, 560: commentary, 565: correspondence, 
1297 
Lipeprotem lipase ın premature infants, 140 
Liver 
falure end Epstein-Barr vra: mfection: short report, 
432 
fa:ty, and medium chain tr yceride (MCT) diet: short 
report, 340 
Lower 
lez gcowth, and steroid treatment in Crohr's disease 
shcrt report, 981 
Emb deformity, and prevertcn of scoliosis n cerebral 
paby correspondence, 194 
Lurrba- purc-ure, when not "c Jo corresponcence, 462, 
£69 


thre onein, and lead 


Lung function and bronchial responsiveness measured by 
forced cscillometry after bronchopulmonary dysplasia, 
727 fn 


Magnetic resonance in nervous system diseases; annotation, 
1301 

Malaria vaccines: annotation, 468 

Malignant disease 
and Clostridium difficile . short report, 979 
facts for teachers of children: correspondence, 999 

Manuitol:lactulose, urinary, excretion ratios and jejunal 
mucosal structure, 1054 

Marfan’s syndrome in mitral valve disease correspondence, 
684 


Maternal 
depression, and impact on children’s development: 
current topic, 90 
narcotic abuse, and the newborn short report, 81 
Measles 
mumps, and rubella vaccine, serological evaluation, 612 
vaccine, serological evaluation, 612 
Meconium 
aspiration syndrome, neonatal, pulmonary function in 
children after, 368 
ileus, uncomplicated, management with T tube ileo- 
stomy: short report, 309 
stained liquor found to be bile stained vomit: short 
report, 201: correspondence, 999 
Medical 
examinations on starting school: correspondence, 339: 
correspondence, 682 
importance. short report, 1261 
staffing in paediatric departments in district. general 
hospitals. correspondence, 684 
Melatonin state in Mendenhall's syndrome. short report, 
852 
Mendenhali's syndrome, melatonin state. short report, 852 
Meningitis during first year of life, two year prospective 
study, 698, abst 
Meningococcal disease, and ophthalmitis short report, 550 
Mental 
handicap and developmental disabilines, prevention, 
South East Asia: current topic, 672 
retardation, mild, aetiology, 1032 
Mercury 
concentration 1n cord blood. short report, 202 
a health hazard. correspondence, 1416 
Methionyl human growth hormone in Turner's syndrome, 
1211 
Microalbumuns:2, and tubular dysfunction, in insulin 
dependent diabetes, 244 
Migraine, childhood, increased main urinary metabolite of 
prostaglandin F,, excretion’ correspondence, 342 
Milk 
human or formula, plasma amino acids in preterm 
infants: correspondence, 996 
protein sensitive enteropathy see Cows’ milk 
Mineral . 
accretion, human fetus, 799 
content cf rib bone in infant deaths: short report, 848 
Misoprostal, effect on fat malabsorption in cystic fibrosis. 
short report, 1081 


Mitochondrial DNA and genetic disease: annotation, 883 
Mitral valve disease, Marfan's syndrome. correspondence, 
684 
Molecular cloning, and expression of chlamydial genus- 
specific epitope, 688, abst 
Mortality, postperinatal, unrecognised, and whooping 
cough, 41 
Motor 
cortex electromagnetic stimulation to measure cortico- 
spinal tract function, 692, abst 
development and joint mobility, 158 
disorders, conductive education. controversy, 211: 
correspondence, 680 
Mother’s chaice 
to provide breast milk, and developmental outcome, 
1382 
for low birthweight infants, 48 
Mumps 
hearing loss due to. correspondence, 105 
vaccine, serological evaluation, 612 
Myositis, acute transient, due to Toxocara: short report, 
1087 


Nappies, disposable, cautionary tale: correspondence, 
997 


Narcotic abuse, maternal, and the newborn short report, 
81: correspondence, 684 
National Health Service, much data but limited informa- 
tion. current topic, 1276 
Nebuhaler, inhaled bronchodilator treatment in asthma, 
288: correspondence, 997 
Nebulisers, evaluation’ correspondence, 108 
Necrotising enterocolitis, oral vancomycin in prevention: 
short report, 1390 
Neonatal 
care, cost, 303 
and nurse staffing, categories: correspondence, 572 
intensive costs and benefits, 715 fn 
decisions and dilemmas of hfe support. current topic, 
560: commentary, 565: correspondence, 1297 
doctors and nurses: correspondence, 103 
skin sepsis, two outbreaks, caused by Staphylococcus 
aureus, phage type 71: neonatology—then and now, 
1506 
tumours: annotation, 1122 fn 
Nephrocalcinosis, ultrasound diagnosis, in preterm infants 
short report, 86 
Nervous system diseases, magnetic resonance’ annotation, 
1301 
Neural dysfunction during hypoglycaemia, 1353 
Neuroblastoma, thoracic, presenting as cystic hygroma: 
short report, 1270 
Neurofibromatosis and Noonan’s syndrome correspon- 
dence, 224 
Newborn care, medical and nurse staffing. personal views, 
98 
Nifedipine, sublingual, in acute severe hypertension. short 
report, 975 
Non-accidental injury 
profile, 1026 
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and copper deficiency: correspondence, 1111 
see also Child abuse 

Non-convulsive status epilepticus. correspondence, 106 

Noonan's syndrome and neurofibromatosis correspon- 
dence, 224 

Nose, foreign bodies, new manoeuvre for removing: 
correspondence, 226 

Nuchal cord, tight, and neonatal hypovolaemic shock. 
correspondence, 570 

Nuclear medicine, clinical applications. regular review, 321 

Nurse staffing, and nconatal care, categories: correspon- 
dence, 572 


Ocular toxicity, acute, and trace element depletion, desfern- 
oxamine-induced, ın thalassaemia, 250 

Odontoid abnormalities, and atlantoaxial instability in 
Down's syndrome, 1484 

Oesophageal atresia, and tracheo-oesophageal fistula, 
adults born with, 689, abst 

Oesophagus, motor disorders, 1n gastro-oesophageal reflux, 
1333 

Ohgohydramnios, dry lung syndrome after, 190: corres- 
pondence, 683 

Oncogenes 1n malignancy: current topic, 1099 

Ophthalmitis in meningococcal disease. short report, 550 

Ornithine carbamoyl transferase deficiency, late onset 
males, 1363 

Ornithine transcarbamylase deficiency, family studies, 297 

Ovarian cysts, neonatal, therapeutic dilemma, 737 fn 

Oxandrolone, low dose, double blind placebo controlled 
tnal in treatment of growth and puberty delay, 501 

Oxygenation, effect of tilung on, newborn infants: short 
report, 315 


Paediatrics 
community, anxieties on future developments’ personal 
view, 674 
departments, medical staffing, district general hospitals: 
correspondence, 684 
manpower, towards the 21st century: special report, 
1094 
staffing, hospital: correspondence, 873 
Pancreatic 
exocrine test, faecal chymotrypsin, reliable index of, 785 
function test, oral, simplified, 780 
Pancreatoblastoma, recurrent, with inappropriate adreno- 
corticotrophic hormone secretion short report, 1494 
Pansystohc murmur tn newborn, tricuspid regurgitation 
versus ventricular septal defect: short report, 1172 fn 
Para-aminobenzoic acid—para-aminosalicylic acid test, 
modified, as pancreatic exocrine insufficiency test, 780 
Parental diary, infant cry and fuss behaviour, 380 
Parvovirus B19, human, diseases caused by: annotation, 
1426 
Patient triggered ventilation, neonatal, 394 
in premature neonates’ short report, 77 
Peak expiratory flow rates in asthma, supine posture, 
effect, 127 
Penicillin 
allergy, rare paediatric condition, 1342: commentary, 
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resis ant preumococci, carrege cf cocrespordence, 340 

Peptic alceration, long term sutcome: corre-pondence, 
104 

Percus on es aid to supraoabic bladder aspiration: 
correspondence, 998 

Perina al 
berezvement. management. personal practice, 870 
nem=sis, n2w problems and cilemmas: editcnal, 699 fn 

Peritom»al cialysis, acute, -ztheters temporary and 
permanent compared, 827 

Perive-tricular leucomalacia, clnical risk factcrs, 17 

Peroxiszomal disorders, inhericec, ir. volving ner7ous system 
annccation, 767 

PERSOFAL PRACTICE 
Estalhshirg breast feeding rc haspitel, 128r 
Hostal teachers. medical mcerd-eters or raffia mafia? 

323 

Imn.anisation for all? 1507 
Maragement of congenital acrenal hyperplasia, 1399 
Maragement of constituforal delay of zrowth and 
puberty, 1104 
Maragement of perinatal berearement, 870 
Rerz failure in the newly tarn. 991 

Perthe disease, growth am aetcology regrlar review, 
1408. 

Pertusis, severe 
értiuicial ventilation, 364 
seve-e hypoxaemia, 598 

Phenckarbitone, and valprozt, 1n febnle -onvulsions, 
ranc mised controlled tnel:, 1139 

Phenctsulphotransferase, plaielst, activity, anc ‘abdominal 
mig aine": short report, 1500 

Photomerapy 
neo- atal, colour of light: correspondence, «61 
an ocular hazard revisited aanctaticn, 886 
and. use of heat shields ir very ow birthweight: short 

report, 552: correspond2nce, 1295 

Pile feoric, dangers: correspo vlerce, £74 

Plecer-al potassium transfer. $23, cbst 

Plecerzal trensier, normal, Lunar, 688, abst 

Pledgets 1n ingrowing toenaas: short report, 7 

Pnsur-ococcal arthritis minacking juvenile cronic arth- 
ritis: short report, 1089 

Pneur-ococa, penicillin restant, carriage of correspon- 
deme, 340 

Pneur' oni, acute, Zimbabwe bacterial isolates by lung 
asp-ation: short report, 125« 

Paiso-zing, accidental, from dtes in children= annotation, 
384 

Polarzed lehrt microscopy, ior pulmonar” surfactant 
detzction in amniotic fluid, €98, abst 

Postp=rinate! mortality, ua-ecognised, and whooping 
zoueh, 41 

Pest- reptococcal glomerulbbazpintis. Hong Kong: cor- 
rescondeace, 341 

Pctasaum, placental, transf*r, 693. abst 

Pcvidmne-iodine, 1n obstetnG -xposure to infection, 1207: 
cor-espondence, 1297 

Pregrancy, consequences ol -HV infection, €95, abst 

Prem=ture 
infants, intravenous immwacglobulin far p ophylaxis of 
necaatal sepsis short report, 441 


neonates, ill, albumin infusion, immediate effects. short 
repom, 307 
Prematarity 
and rew problems and dilemmas. editorial, 699 fn 
weight, length and head circumference for between 20 
and 42 weeks’ gestation. short report, 1170 fn 
see aso Birthweight 
Prenatel 
diagrosis and carrier detection in primary immuno- 
deaciency disorders. regular review, 758 fn 
of cystic fibrosis: annotation, 701 fn 
embclisation, presumed, and spastic hemiparesis: short 
repori, 68 
screening for Down’s syndrome annotation, 705 fn 
Preschcol vision screening, service in need of rationalisation 
356 
Preterm birth and atopic eczema’ short report, 435: 
correspondence, 1519 
170H-Frogesterone rhythms in congenital adrenal hyper- 
plasi1, 617 
Prostaglandin F,,, increased mam urinary metabolite 
excre-icn, in childhood migraine: correspondence, 342 
Pseud@nenas aeruginosa antibodies, and immune complex 
in cystic fibrosis, 1222 
Psychie-ry, child, and the undergraduate. annotation, 3 
Psycho. ogical 
adju-tment and diabetic control correspondence, 220 
effects, day case and inpatient surgery compared, 415 
Pubert: and growth, management of constitutional delay 
persenal practice, 1104 
Pulmonary 
ageresis as part of VACTERL sequence, 723 fn 
func :on in children after neonatal meconium aspiration 
syidrome, 368 
histiocytosis, isolated, 3 cases, 423 
interstitial emphysema, Swan-Ganz catheter for selec- 
tive 2ronchial occlusion. short report, 313 
surfectant detection in amniotic fluid by polarised light 
microscopy, 698, abst 
Purine. nucleoside phosphorylase deficiencies, and com- 
bine familial adenosine deaminase, 931 
Pycnodysostosis, unusual case: short report, 558 
Pyelorephnitis, acute, renal parenchymal volume during 
and after, measured by ultrasonography, 1309 
Pylonc stenosis, hypertrophic, infantile, recent results of 
treatment, 1060 
Pylorus after pyloromyotomy, rate of return to normal, 
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Q fever, tissue transplant, leukaemia, and severe combine 
imrrunodeficiency syndrome: short report, 207 


Radio zraphy, diagnostic, in children: annotation’ 1005 

Radioauclide cystography in vesicoureteric reflux: short 
repcrt, 650 

Ranitiine in the newborn short report, 88: correspon- 
dence, 998 

Red cell membrane sodium transport in children, its 
possible genetic role and use in identifying child at risk 
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Referees and staff 1987-1988, 1516 
Registrars, senior, in community paediatrics, training 
programme, 63 
Renal 
failure, end stage, long term outcome of treatment, 35 
in newly born: personal practice, 991 
treatment in neonates, 1372 
parenchymal volume during and after acute pyelone- 
phritis measure by ultrasonography, 1309 
scarring, established, Technetium-99m dimercaptosuc- 
cinic acid, 1315 
and urinary tract infection, 1320 
transplantation and dialysis, end stage renal failure, 14 
years' experience, 120 
growth and endocrine function after, 1326 
Respiratory 
disease, ciliary abnormalities, 238 
distress syndrome, severe, 1mproved outcome following 
natural surfactant treatment, 691, abst 
severe, surfactant treatment and incidence of intra- 
ventncular haemorrhage, 10 
interaction, spontaneous, observation with artificial 
ventilation, 168 
syncytial virus infection, nbavirin in, double blind placebo 
controlled trial is needed: controversy, 986 
Retinopathy 
acute, of prematurity, risk factors, 693, abst 
of prematunty, clinical factors associated with, 522 
clinical implications of retinal development: personal 
paper, 1151 fn 
incidence, New Zealand. short report, 1083 
Retroviruses, human, and paediatric disease: correspon- 
dence, 213 
Rett syndrome, hyperventilation in awake state, potentially 
treatable component of, 1039 
Reye's syndrome, preadmission antipyretics: controversy, 
857 
Rheumatic heart disease, epidemiology: short report, 1501 
Rheumatoid nodules, subcutaneous, treatment and clinical 
aspects short report, 662 
Rib bone, mineral content, in infant deaths: short report, 
848 
Ribavirin 
and randomised trials, 989 


in respiratory syncytial virus infection, double blind ' 


placebo controlled trial is needed: controversy, 986 
Rotavirus encephalitis’ correspondence, 224 
Rubella 
ummunisation for girls over 14 years short report, 983 
vaccine, serological evaluation, 612 
Rupture of membranes, prolonged, starting in second 
trimester, neonatal outcome, 1146 fn 


SAGM blood 
concern over safety: correspondence, 104 
in exchange transfusion. correspondence, 223 
Salbutamol nebulised 
air or oxygen as driving gas for, 900 
protective effect on airways, children under 1 year old, 
479 
Saliva, in congenital adrenal hyperplasia, androstenedione 
rhythms, 624 
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School entry medicals, importance. short report, 1261: 
correspondence, 225, 339, 682 
Scoliosis, prevention, and lower limb deformity, in cerebral 
palsy correspondence, 109 
Seizure 
disorders, single photon emission computed tomography 
1184 
see also Epilepsy 
neonatal, Dublin Collaborative Study, 1065 
Selective medical examinations on starting school corres- 
pondence, 682 
see also School entry medicals 
Self poisoning, deliberate, in adolescents, 1479 
Senning operation, in treatment of Budd-Chian syndrome. 
short report, 669 
Sepsis 
neonatal, premature infants, intravenous immunoglo- 
buhn for prophylaxis: short report, 441 
skin, two outbreaks caused by Staphylococcus aureus, 
phage type 71 neonatology—then and now, 1506 
and total parenteral nutrition: short report, 66: corres- 
pondence, 995 
Severe 
combined immune deficiency, X linkage diagnosis, 691, 
abst 
tissue transplant, leukaemia, and Q fever: short 
report, 207 
respiratory distress syndrome, improved outcome 
following natural surfactant treatment, 691, abst 
Sex education, and teenage relationships, 935 
Sexual 
abuse, children see Child abuse, sexual 
intercourse, teenage, and pregnancy, 373 
Short stature disability: correspondence, 222 
SI units, use from January 1989, 963 
Silastic catheters for antibiotics ın cystic fibrosis: short 
report, 658 
Silver-Russell syndrome, adolescent growth and pubertal 
progression, 130 
Single photon emission computed tomography in seizure 
disorders, 1184 
Skin 
diseases, prenatal diagnosis current topic, 1175 fn 
to skin contact for very low birthweight infants, and their 
mothers, 1377 
Smoking habits, parental, and wheezing and bronchitis in 
the child, 690, abst 
Sodium 
cromoglycate in asthma, correlation between response 
and serum concentrations, 592 
intake, early, and later blood pressure, in preterm 
infants: short report, 656 
Solid tumours of children 
cytogenetic investigations, 1012 
neonatal, Glasgow 1955-1986, 1075 
Somatosensory evoked potentials, predictive value, in 
preterm infant, 697, abst 
Somatostatin 
analogue in hyperinsulinism, short term management 
short report, 1493 
and gastrin, plasma concentrations, after breast feeding, 
4 day old infants, 1218 
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Staffing 
hospral medical, achieving a talerce. corresoondence, 
103 
medical arc nurse, for newtcm care perscaal views, 
98: correspondence, 103 
medical, paediatric departments, district. general hos- 
2itzls: pzrsonal views, 96 i 
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Sleep patterns of infants in first ~ear of life, 64" 
Staphylecocag cureus, phage :ype 71, causing neonatal 
skin sepsis neonatology—tl.er arc naw, 150 
Status epilepticus, non-convulziw >: ccrrespondence, 106 
Steroid 
sensitive mephrotic syndrome growta and endocnne 
function, 484 
treatrient. alternate day, amc variation in lower leg 
grcwth: snort report, 981 
Streptozinass* for aortic throm tesis short repot, 1086 
Subdural hazmorrhage in corgeautal factor X deficiency 
antenatall~ diagnosed. shor: zeport, 1168 fn 
Subperrostezl haematoma, traumatic, of Temur ia newborn 
neonztolosy—then and now, b413 
Sudden infant death 
and niineral content of bone: short report, 8-8 
syndrome aad hypothermia stor: report, 4X- 
recurrzrce incidence, 924 
and Lnexpected death, between 1 and 5 yeers: corres- 
pond:nce. 108 
Supine postare, effect on peas expiratorv flow rates in 
asthma, 127 
Suprapwbic aspiration of urinc. correspondence, 573 
Supraventricular tachycardia, and vera»amil, cardiovas- 
cular collapse after’ correspomdemce, 1115 
Surfactant tneatment 
ard incidence of intraventricular 3aemorrhage in severe 
resoiratory distress syndromz, 10 
nétural, severe respiratory distress syndrome improved 
oicome following, 691, ast 
Swan-Canz catheter for selectve branchial occlusion, 
pulmonar? interstitial empa:serra: short resort, 313 
Sweat tests ard flucloxacillin: short report, 847 
Syphilis, corgenital, in newbcra skert report, 1393 
Systemrc tubus erythematosus, cerebral, 3 c.ses: short 
report, 963 


T tu»ei eostomy, management c£un-omplicatedomeconium 
leus: short report, 309 

Teachecs, Fespital, role in child’s recovery personal 
practice, 533 

Technetium 99m dimercapto-.ccinic acid in sstablished 
renal scar-ing. 1315 
and unna tract infection, L320 

Teenage 
relat onships and sex educat:cn, 935 
sexual intercourse and pregraacy, 373 

Testostercn2, plasma, in preterm infants wih cryptor- 
chidem, 1198 

Thalas:aem a 
acute ccalar tomeity, and race element depletion, 


induced by desferrioxamine, 250 
insulin dependent diabetes, 58 
Theophylline 
concentrations, whole blood assay, using immunochro- 
matographic stick’ correspondence, 571 
monitonng, domiciliary, using dried blood spots, accept- 
ance, 1449 
Thrombotic thrombocytopenic purpura, and haemolytic 
uraemic syndrome, in three siblings, 644 
Thyroid 
stimulating hormone concentrations, andserum thyroxine 
after treatment of congenital hypothyroidism, 1368 
stimulating immunoglobulins, maternal, and transient 
neonatal hyperthyroidism. short report, 205 
Thyroiditis, subacute, atypical presentation: short report, 
845 
Thyroxine serum, and thyroid stimulating hormone 
concentrations, after treatment of congenital hypothy- 
roidism, 1368 
Tilting, effect on oxygenation, newborn infants’ short 
report, 315 
Tissue transplant, leukaemia, Q fever, and severe combine 
immunodeficiency syndrome: short report, 207 
Total parenteral nutrition and sepsis short report, 66: 
correspondence, 995 
Toxocara, causing acute transient myositis: short report, 
1087 
Toys, loose hair on: correspondence, 574 
Trace element depletion, and acute ocular toxicity, des- 
ferrioxamine-induced, in thalassaemia, 250 
Tracheo-oesophageal fistula, and oesophageal atresia, 
adult born with, 689, abst 
Training 
in community paediatrics: British paediatric association, 
464 


intensive, young athletes, controversies. current topic, 
1405 

Transcutaneous oxygen and carbon dioxide, artenalisation: 
short report, 1395 

‘Transfusion 
intravascular, fetal acid base status. changes during, 

710 fn 

top up, neonates’ correspondence, 571 

Translocation t(5:14) with tnsomy (5)(q31-qter) syndrome, 
427 

Transpositions of the great vessels, cognitive development: 
short report, 198 

Trials 
clinical, statistics and dilemmas. annotation, 231 
randomised, and ribavirin, 989 

Tricuspid -egurgitation versus ventricular septal defect, 
pansystolic murmur ın newborn. short report, 1172 fn 

Triglyceride, medium chain (MCT) diet, and fatty liver: 
short report, 840 

'Triiodothyronine plasma concentrations. low, and outcome 
in preterm infants, 1201 

Triple X grl, 694, abst 

Trsomy (5)(q3i-qter) syndrome, study of family with 
t(5:14) translocation, 427 

Tuberculin response after neonatal BCG vaccination: 
short report, 1491 

Tuberculosis in children: correspondence, 995 
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national survey of notifications, England and Wales 
1983, 266 
inner city. and immunisation policy: short report, 964 
Tuberous sclerosis, diagnosis. annotation, 1423 
Tubular dysfunction, and microalbuminuria in insulin 
dependen: diabetes, 244 
Tumours 
neonatal: annotation, 1122 fn 
neonatal, Glasgow 1955-1986, 1075 
solid, of children, cytogenetic investigations, 1012 
see also Cancer 
Turner's syndrome, methionyl human growth hormone, 
1211 
Twenty eight weeks gestation or less, outcome, 697 abst 
Two minute walking distance 1n cystic fibrosis, 1444 


Ultrasound 
cerebral, neonatal, clinical role and use of information. 
annotation, 1 
diagnosis of nephrocalcinosis in preterm infants: short 
report, 86 
upper urinary tract dilatation, outcome after antenatal 
diagnosis, 1240 
Umbilical catheters, simple method for securing. short 
report, 750 fn 
Upper urinary tract dilatation by ultrasonography, out- 
come after antenatal diagnosis, 1240 
Urinary 
infection and malformations of urinary tract, in infancy, 
818 
tract, abnormalities, antenatally detected, dilemmas 
associated, 719 fn 
infection, established renal scarring, Technetium-99m 
dimercaptosuccinic acid, 1320 
Uropathy, fetal, clinical outcome, 961 


Vaccination, deadly, comment on book recently published: 
correspondence, 685 

Vaccine, measles, mumps, and rubella, serological evalua- 
tion, 612 

VACTERL sequence, pulmonary agenesis as part, 723 fn 

Valproate, and phenobarbitone, in febrile convulsions, 
randomised controlled trials, 1189 

Valveless infant ventilator, new, assessment, 162 

Vancomycin, oral, in preventing necrotising enterocolitis. 
short report, 1390 
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Varicella gangrenosa- short report, 444: correspondence, 
1113 
Vegetanan weaning’ special report, 1286 
Ventilation 
artificial, spontaneous respiratory interaction observa- 
tion, 168 
patient triggered, neonatal, 394 
in premature neonates’ short report, 77: correspon- 
dence, 1112 
Ventilator, valveless, infant, new, assessment, 162 
Verapamil, in supraventricular tachycardia, cardiovascular 
collapse after: correspondence, 1115 
Very low birthweight babies, and copper’ short report, 79 
see also Birthweight 
Vesicoureteric reflux, radionuchde cystography short 
report, 650 
Vision screemng, preschool, service in need of rationalisa- 
tion, 356 
Vitamin B,; deficiency in breast fed infant, 921 
Vitamin D 
and cystinosis: correspondence, 1519 
nephrogenic diabetes insipidus, and cystinosis: short 
report, 548 
Vitreous humour, free amino acid content, in cot deaths. 
short report, 660 
Vomiting and gastro-oesophageal reflux: short report, 837 


Weight, length, and head circumference curves for boys 
and girls of between 20 and 42 weeks’ gestation: short 
report, 1170 fn 

Wheezing and bronchitis in the child, and parental 
smoking habits, 690, abst 

Whooping cough, and unrecognised postperinatal mortality, 
41 

Williams-Beuren syndrome, cardiac anomalies, 809 


X linkage, diagnosis in sporadic cases of severe combined 
immune deficiency, 691, abst 


Zimbabwe 
acute pneumonia, bacterial isolates by lung aspiration: 
short report, 1266 
HIV infection: short report, 842 
Zinc and copper deficiency, incidence, Japan: correspon- 
dence, 1418 
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a major breakthrough ir 
tropical medicine 


This day dezigning God 
Hath put inte my hand 

A wondrou: thing. And God. 
Be praised. At His commarc, 


I tave found thy secret deed: 
Oh millicn-mu-dering Deztk. 


I know that this little thing 
A million men will save— 

Ch death where :s thy sting? 
Thy victcry oh grave? 


Not many scieat sts are moved :o verse by 
tke fruits of their -csearch, but few results are 
«s momentorvs as the one celeb-zted by 
Ronald Ross in The Great Malara ?rcilem ard 
ite Solution. Adap:ed from Ross's menors, 
this Keynes Press edition gives zhe full s-ory 
oz Ross's discovery of the mode 9° 
transmission 5f ma.aria by the Arorheles 
mosquito. Engag-ngly written, .1 is me irank 
and accurate picture of four year; 
painstaking work, <ull of hope, despzir, 
elation, frustration and what Eo:s describes 
as the "sacred pzssion for disccvery."" It also 
shows the close and moving sc-ertific 


partnership between Ross and ?a:rick 
Manson, the "fa-her of tropica. medicine”’, | | IE 
«t evidenced in the 155 letters sxchanged 


between thea, ove- this period KEYNE S 
Fully dlustraced, end with an intro ducticn 

by LJ Bruce-Chrwatt, emeritu: o-oressor of 

tropical pubic health at the ULversty oz PRE S S 

London, this unique volume provides a 

fescinating imsight into the prozz:s cf 

scientific reszarca as well as a self pcrtrait of 


oae of the most impressive anc <oloarful 
mdividuals in the history of tropical medicine. 
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Circumcision and periurethral carriage of Proteus mirabilis in boys. Glennon, Ryan, Keane, et al 
An unusual case of pycnodysostosis. Kumar, Misra, and Singhal 

Current topi 

i . officiously to keep alive’. Walker 

Commentary. Campbell 

vi 


ew 
Why irntated? Illingworth 
ondence 
Book reviews 
British Paediatric Association: 60 years 
A gem of a book  Syuthells 


No 6 June 1988 


Ciee seikan of 

nical significance of IgA deficiency Morgan and Levinsky 
Food additives, David 

Accidental poisoning Craft 


ha 6 June 1988—contiawed 


Original «ticles 
Cunical C&gnosis of cryptorchidism. John Radcliffe Hospital Cryptorchidism Study Group 
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~ Oral vancomycin in prevention of necrotising enterocolitis. Ng, Dear, and Thomas 
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